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This invention r lat s generally to cytokine receptors and more specifically relates to Interl ukin-12 



In order for a molecule such as lL-12 to exert its effect on cells* It is now accepted by those skilled in 
the art that the molecule must interact with molecules, located on cell membranes, referred to as receptors. 
6 Patents which exemplify disclosures of interteukin receptors include Honjo et al., U.S. Patent No. 4,816.565; 
Urdal et al.. U.S. Patent No. 4,578.335; Dower et al.. U.S. Patent No. 5.180,812; and TaniguchI et al., U.S. 
Patent No. 5,198,359. 

Also soluble forms of interteukin receptors are known (Fanslow» W.C. et aJ. (1990) Science 248, 739-41). 
The effect of Interleukin-l (IL-1) in vivo could be regulated via the administration of a soluble form of its 

10 receptor. The results that Far>sk>w report demonstrate the ability of a soluble cytokine receptor (soluble IL* 
1R) to modulate btok)gk:al activity upon exogeneous administration in vivo, presumably by acting as a 
neutralizing agent for the endogeneously produced, conresponding llgand (IL-1), and provides evidence of 
the therapeutic potential of soluble cytokine receptors in a variety of clink:al disorders. Systemic administra- 
tion of a soluble, extracellular portion of the receptor for IL-1 (soluble IL-1 R) had profound inhibitory effects 

15 on the devek>pment of in vivo albreactivity. Survival of heterotopic heart atk>grafts was prok>nged from 12 
days in controls to 17 days in mice treated with soluble 1L-1R. Lymph node hyperplasia in response to 
localized injection of alk)geneic cells was completely blocked by soluble IL-1 R treatrhenL 

lnterteukir)-12 (IL-1 2), foimerty known as cytotoxic lymphocyte maturatk)n factor or natural killer cell 
stimulatory factor, is a 75-KDa heterodlmenc cytokine composed of disulfide-bonded 40-KDa (p40) and 35- 

20 KDa (p35) $ut>units that has pleiotropk; activities indudirtg stimulation off the proliferation of activated T and 
NK cells (Gately, M. K., et al. (1991) J. Immunol.. 147, 874) (Kobayasht. M. et al. (1989) J. Exp. Med.. 170. 
827), enhancement of the lytic activity of NK/LAK cefts (Kot>ayashi. M., et al., supra; Stem, A.S., et at. 
(1990) Proc Natl. Acad. Sd. USA, 87. 6808), enharK:enr>ent of cytolytk: T-cell responses (M Gately et al. 
(1992) Cell. lmmunok>gy, 143 . 127). induction of interferon gamma by resting arxJ activated T-and NK-cells 

25 (M. Kobayashi et al., sup>ra; S. H. Chan et al. (1991) J. Exp. Med., 173 , 869). and promotion of Thi-type 
helper cell responses (R. Manetti et al. (1993) J. Exp. Med.. 177. 1199: C.-S. Hsieh et al. (1993) Science 
260 . 547). 

TTia biological activity of lL-12 is mediated by the binding of the IL-1 2 molecules to cell surface, or 
plasma memtxane. receptors on activated T- and NK cells; however, the contributions of the individual 

30 subunits, p35 and p40. to receptor tending ar>d signal transduction remain unknown. Studies with labelled 
IL-1 2 have shown that this binding occurs in a specifk: arul saturat>le manner. IL-1 2 delivers a signal to 
target cells through a receptor that was initially characterized on PHA-activated CD4 -f and COS T-cells 
and on IL-2 activated CDSe-*- NK-cells (R. Chizzonite et al. (1992) J. Immunol.. 148. 3117; B. Desai, et al. 
(1992) J. Immunol., 148, 3125). A survey of over 20 human cell lif>es t>ek>nging to the T-, B-. NK- ar»d 

3S myek>monocytic lineages only identified a single C04-I-, IL-2 dependent human T-cell Ur>e (Kit 225) that 
constitutively expresses the iL-12 receptor and responds to IL-1 2 (B. Desai. et al. (1992) J. Immunol.. 148 . 
3125; B. Desai. et al. (1993) J. Immunol. 150. 207A). Freshly prepared PHA-acthrated PBMC and the Kit 225 
cell line thus represent two convenient cell sources to study the biochemistry of the functional H.-12 
receptor, there may be others. Equilibrium bindir^g experiments with '^snabelled IL-12 showed that I) PHA- 

40 activated PBMC express several thousand iL-12 receptors which show 3 classes of affinrties: high = 5-20 
pM. Intermediate = 50-200 pM and k)w = 2-6 nM; it) IL-12 receptor expresskm on PBMC Is upregutated by 
mitogen or IL-2 stimulation: and iti) the [L-12 receptor upregulatkm correlates with the ability of the cells to 
proliferate in response to IL-12 (R. Chizzonite. et al. (1992) J. Immunol., 148. 3117; B. Desai. et al. (1992) J. 
Immunol.. 148, 3125). It was not clear at this point whether the biok>gicalty functional IL-12 receptor consists 

46 of one or more subunits. Affinity crosslinking of lak)elled IL-12 to activated PBMC derTK>nstrated the size of 
the cell surface IL-12 birujing protetn(s) under nonreducing condittor>s to be In the range of about 150 KDa 
to atx>ut 200 KDa. Additional affinity crosslinking and immur)oprectpitation experiments with unlevelled IL-12 
txHjnd to ^^l-surface lat>elled activated PBMC kJentifted an IL-12 birKlir^ protein that under reducing 
conditions had a size of about 110 KDa (R. Chizzonite, et al. (1992) I. Immunol.. 148. 31 17). 

50 The present invention is directed towards an isolated cDNA encoding a human tow affinity IL-12 
receptor protein or subunit thereof. When expressed in mammalian cells, the cDNA gives rise to 
substantially homogeneous IL-12 receptor protein that t>lnds IL-12 in a specrfk: and saturable manner vrith 
an apparent affinity of about 2-10 nM, preferatily 2-5 nM. Further, this invention relates to novel antitxxiies 
against the interieukin-12 receptor. Representative ant$-interieukir>-12 antisera provided in accordance with 

55 the present invent! n block interieukin-12 tending to c lis expressing interteukirt-l 2 receptors, and can also 
neutralize interleukir>-1 2 activity. 



receptors. 



2 





EP 0 638 644 A1 



Brief description of the drawings: 

Rgure 1: DNA sequence of human IL-12 receptor cDNA c\one No. 5. {translated portion = nucleotides 
65 to 2050) (SEQ ID NO:l). 

Rgure 2: Amino acid sequence of human (L-12 receptor protein as deduced from cDNA sequence of 
Rgure 1. (underlined amino acid residues of N-terminal sequence = signal peptide sequence; amino 

acid riesidues nos, 541 to 571 = transmembrane area marked by ; 6 potential N-tinked glycosylation 

sites in the extracellular portion marked by ; conserved areas 1 and 2 of the cytoplasmic domain 

are marked by 



[amino ackJ residues nos. 577 to 584 and 618 to 629] (SEQ ID NO:2). 

Rgure 3: Alignment of the IL-12 receptor protein subunit sequence with human gp130, human 
granulocyte colony-stimulating factor-receptor (G-CSF-R) and leukemia inhibitory factor-receptor (LIF-R). 
and resulting consertsus sequence. Consensus residues indicated by lowercase letters refer to identities 
between tL-12 receptor and gp130 only. The following sequence ranges were used: IL-12 receptor 
protein (SEQ ID NO:2): residues 42-662; 0p130: residues 124-742 (Ha» et al. (1990) Ce«. 1149): G- 
CSF-R: residues 96-731 (Fukunaga. et al, (1980) Proc Natl. Acad. Sd. USA, 87, 8702); LIF-R: residues 
331-950 (Gearing, et al. (1991) EMBO J., 10, 2839). 

Rgure 4A: Scatchard analysts of IL-12 binding to recombinant human IL-12 receptor expressed in COS 
cells. 

Rgure 4B: Scatchard analysis of 2-4Ee antibody binding to recombinant human IL-12 receptor expressed 
in COS cells. 

Rgure 5: Analysis of the size of ttie IL-12 receptor protein \m6Br reducing conditions. COS cells were 
transfected with the IL-12 receptor cDNA and labelled with cysteine as described. Aliquots off cell 
lysates were immunoprecipitated with different antibodies as folkms: Lane 1: rtegative control Ig; lar>e 2: 
2-4E6 antibody; lane 3: negative isotype matched control antibody 4D6. Marker sizes in KDa are 
indicated on the left of the figure. 

Rgure 6: Analysis of the sires of IL-12 receptor transcripts by RNA btotting. 4 ug of poly A+ RNA were 
run per lane. Lanes 1-4 and 5-8 represent identical loadings. Lanes 1-4 were probed with a full length 
cDNA to the receptor, lanes 5-8 with a prot>e corresponding only to the cytoplasmic portion of the 
receptor. Lartes 1, 5; ur^mulated peripheral Wood mononuclear cells (PBMC). Lanes 2, 3, 6. 7: PHA 
stimulated PBMC. Lanes 1 and 6 represent a 3 day induction of the sample shown in lanes 1 and 5. 
Samples in lanes 3 and 7 are from an independent 4 day PHA induction and lanes 4 and 8 represent 
RNA from K6 cells. The bottom panel shows rehybridization of the blots with a probe with a prot>e for 
ribosomal protein L32 (k>ading control). 

Rgure 7: Inhibition off »25|.|l.i2 binding to IL-12 (IL-12R) receptor by mouse antf-IL.12R antiserum 
Rgure 8: Characterization of the IL-12 binding proteins on IL-12R positive human cells by affinity- 
crosslinktng 

Rgure 9: Immunoprecipitation off the sdubilized '=HL-12/IL-12R crosslinked complex by anti-IL-12R 
antibodies 

Rgure 10: Equilibrium binding of '25|-2-4E6 to PHA-activated PBMC at room temperature 

Rgure 11: Equilibrium binding of ^=5^2-4E6 to human K6 cells at room temperature 

Rgure 12: Inhibition of ^^\-2-4B binding to K6 cells by purified 2-4E6 (24E6). human IL-12 (HUIL-12) and 

control antibody (control IgG) 

Rgure 13: Equilibrium binding of ^^^-\L•^2 to human K6 cells at room temperature 
Rgure 14: Equilibrium binding of *25hl-12 to detergent solubilized IL-12R from K6 cells 
Rgure 15: Western blot analysis of detergent solubilized IL-12R witti mAb 2-4E6 
Rgure 16: Detection of IL-12 receptor on human cells by flow cytometry 

Rgure 17: Size of the IL-12 receptor subunit on the surface of transfected COS and CTLL cells. 8% gels 
were used and marker sizes in KDa are indicated. Lanes 1-4: Analysis of affinity crosslinked complexes 
under non-reducing conditions. Anrowhead = labelled, uncrosslinked 2-4Ee antibody. Arrows = lak>6lled. 
uncrossUnked IL-12. Lanes 5-12: Analysis of '25|.coS Cell Surface Proteins. Sample reducti n. binding of 
25 nM unlat)elled IL-12 to tt>e cells prior to analysis and use of 1 mM DTSSP crosslink r ar indicated 
below th lanes. Lanes 13-16: Analysis of ^^si-CTLL cell surface proteins. 
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Rgure 18: Specific inhibition of IL-12-induced lymphobfast proliferation by a rat anti-IL-12R antiserum. (A) 
Titration by flow cytometry of antl-COS cell antitxHiles in an anti-IL-12R antiserum {— -) made against 2- 
4E6-transfected COS cells, preimmune serum (-o-) from the rat used to prepare the anti-IL-12R 
antisenjm. and a rat antiserum made against COS cells transfected with the human type II IL-1 R (~ ■ -). 
5 (B-D) Effects of rat sera on proliferation of PHA-actlvated PBMC induced by IL-12 (B). IL-2 (C), or IL-7 
(D). All standard errors were < 10% of the means. 

Figure 19: Equilibrium birKling of '^ML-12 to COS cells expressing the IL-12 receptor subunit. A) human 
IL-12 and 8) murine IL-12. The Insets show analysis of the binding data according to the method of 
Scatchard. 

.„ 10 The present Invention is directed to the low affinity receptor of lnterteu)dn-12 (IL-12). Tf>e invention 
includes the homogenous natural IL-12 receptor including atleJic variants and subunits as well as functional 
derivatives thereof: proteins containing a fragment of the natural IL-12 receptor with binding activity for IL- 
12. Furthermore the present invention includes recombinant IL- 12 receptor proteir>s as well as fusion 
proteins. Le. IL-12 receptor derivatives comprisir^g the amino acid sequer>ce of the natural IL-12 reraptor or 
;5 a partial sequerx:e ttiereof togetfier wth amino acid sequences derived from olt>er proteins. The proteins or 
polypeptides of tfie present invention have binding activity for IL-12 as measured by standard assays as 
described below in the Examples. 

A preferred aspect of the present invention relates to a human low affinity IL-12 receptor protein or 
sutxjnit thereof, more preferred the human receptor protein with the amino add sequence SEQ ID NO:2 or 
20 SEQ ID N0:3. 

The invention also includes a soluble form of the IL-12 receptor. preferal)ly a protein exhibiting having 
IL-12 binding activity, said protein having the amino add sequence of SEQ ID NOUJ or SEQ ID NO:3 or a 
portion thereof which encodes a truncated IL-12 receptor protein. Soluble fonms of the IL-12 receptors can 
bo prepared by metfiods known in the art by isolating solut>le IL-12 receptor proteins from culture medium, 

25 of IL-12 receptor expressing cells chemical or enzymatic cleavage of IL-12 receptor protein or by 
recomtMnant DMA tedmology. 

The availability of the purified receptor, preferably in soluble form, presents tf>erapeutic possibilities as 
weU. Addition of solut>te IL-12 receptor interferes with the effect of the interieukin on the cells, since the 
nwlecule carvu>t bind to the cell membrane as freely. Hence, an aspect of the invention is the treatment of 

30 pathok>gical conditions caused by excess activity of cells possessing IL-12 receptors by adding an amount 
of soluble IL-12 receptors sutfident to inhibit binding off IL-12 to the aforementioned cells. This methodotogy 
can also be modified, arKi tfio solut>le receptor can be used as a screening agent for pharmaceuticals. 
Briefly, a pharmaceutical which works as an IL-12 antagonist can do so by bkx:king the binding of IL-12 to 
the IL-12 receptor. Prior to determining whether a material wouW be effective /n vivo, one may use the 

35 purified IL-12 receptor in connection with a potential pharmaceutical to determine if there is binding. If not, 
then the pharmaceutical may no longer be a desirable candidate. If there is in fact binding, further testing 
may be indkrated. 

The IL-12 receptor proteins of the present invention also include non-naturatly occurring IL-12 receptor 

anak)gous proteins or mutants. These kind of functional derivatives are proteins in whfch one or more of the 
40 amino adds of the natural IL-12 receptor or its fragments have been replaced or deleted without loss of the 

IL-12 receptor binding acthoty. Such anak>gues may be produced by known methods of peptide chemistry 

or by recombinant DNA techrK>logy. 

The term IL-12 receptor protein comprises also derivatives which may be prepared from the functional 

groups occurring as side chains on the residues or the N- or C-terminal groups, by means known in the art. 
46 and are induded In the invention as long as they remain phanmaceuticalty acceptable, i.e. they do not 

destroy the acthrity of the protein and do not confer toxic properties on compositions containing it. These 

derivatives may include, for example, polyethylene glycol side-chains which may mask antigenic sites and 

extend the residence of the lnterieukin-12 receptor protein in body fluids. Other derivatives include aliphatic 

esters of the carboxyl groups, amides of the cartx)xyl groups by reactfen with ammonia or with primary or 
50 secondary amines, N-acyl derivatives of free amino groups of the amino add residues formed with acyl 

moieties (e.g. alkanoyi or cartx>cydk: aroyl groups) or O-acyl derivatives of free hydroxyl groups (for 

example that of seryl- or threonyl residues) formed with acyl moieties. 

The present inventkMi also relates to cloned DNA sequences coding for the IL-12 receptor and to 

polynucleotides encoding a protein as defined above, whteh polynucleotide contains a sequence cor- 
S5 responding to the cDNA encoding the IL-12 receptor, to recombinant vectors comprising a polynucleotide 

encoding an IL-12 receptor protein, to mk:roorganisms transformed with said recombinant vectors as well as 

to processes for tfie preparati n of said proteins, polynucleotides and vectors. 
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The term "polynucleotide containing a sequence con'esponding t the cDNA encoding the IL-12 
receptor* refers to a poiynucleotid containing a sequer)ce which is homologous to or complementary to a 
sequer>ce in the sequence encoding the IL-12 receptor. The degree of homology to ttie cDNA will be at 
least about 80%, preferably at least about 90%. 

5 The practice of the present invention will employ, unless otherwise indicated conventional techniques of 
molecular biology, microtHOlogy, recomtrfnant DNA and immuriology, which are within the skills of an artisan 
in the field. Such techniques are explairted fully in the literature. See e.g. Samt>rook. FrHsch & Maniatis, 
Molecular Cloning; a laboratory Manual (1988) Cold Spring Hart)or Laboratory Press 1989. 

The DNA sequences and DNA molecules of the present invention may be expressed using a wid 

70 variety of host vector combinattons. For example, useful expression vectors n>ay consist of segments of 
chromosomal, rKm-chroimosomal and synthetic DNA sequences. Examples of such vectors are viral vectors, 
such as the various known derivatives of SV40, bacterial vectors, such as plasmids from £. co//. phage 
DMAs, such as the numerous derivatives of phage x. M13 and other filamentous single-stranded DNA 
phages, as well as vectors useful in yeasts, such as the 2u ptasmid, vectors useful in eukaryotic cells rT>ore 

75 preferably vectors useful In animal cells, such as tt>ose containing SV40. adenovirus and/or retrovirus 
derived DNA sequences. 

An aspect of the present invention is a process for preparing a DNA molecule coding for the km affhuty 
lnterleukir>-12 receptor as described atxjve. characterized in a) the preparation of an antl-lnterieukin-12 
receptor antibody, b) screening of expression products of a cDNA library, with saJd antibody, c) identifying 

20 and isolating tfie ^iterleukln-12 receptor cDNA and d) if desired, preparing a DNA molecule which codes for 
a functional derivative. A further aspect of the present invention is a process for preparir>g a low affinity 
lnterleukir>-12 receptor protein as descrit>ed above, characterized in that a) a cell Is transfomned with a 
vector comprising a clones gene coding for a low affinity lnterieukin-12 receptor protein, b) expressk>n of 
said protein, c) recovering of saki protein and, if desired converting it into a functional derivative thereof. 

ss As used herein, "DNA sequence* refers to a DNA polymer, in the form of a sep>arate fragment or as a 
component of. a larger DNA construct wbk?h has been derived from DNA isolated at least once in 
sut>stantially pure form, i.e., free of contaminating endogerxxis materials and in a quantity or concentration 
enabling identification, manipulation. arKj recovery of the sequence and its component nucleotide se- 
quences by standard biochemical metlKxfs, for example, using a cloning vector. Such sequences are 

30 preferably provkfed In the form of an open reading frame uninterrupted by internal nontranslated se- 
quer)ces, or introns. whk:h are ty(>ically present in eukaryotic genes. However, it vrill be evident that 
genomk; DNA containing the relevant sequerx^es coukf also t>e. used. Sequerx:es of nor>-transtated DNA 
may t>e present 5" or 3* from the open reading frame. wt>ere the same do not interfere with manipulation or 
expression of the coding regions. 

35 As used herein, "expressk>n vector" refers to a plasmid comprising a transcriptional unit comprising an 
assembly of <1) a genetk: element or elements having a regulatory role in ger>e expressk>n, for example, 
promoters or enhancers. (2) a structural or coding sequertce which Is transcribed into mRNA and translated 
into protein, and (3) appropriate transcription arxl translation initiation and termination sequences. Structural 
etemerrts intended for use in various eukaryotic expresskm systems preferably IrKlude a leader sequence 

4o enabling extracellular secretion of translated protein by a host cell. Alternatively, where recombinant protein 
is expressed witiKXit a leader or transport sequence, it may include an N-terminal methk>nine residue. This 
reskiue may optionally be sut>sequently cleaved from the expressed recombinant protein to provide a final 
product 

The host cell used for the expression of DNA sequence may be selected from a variety of known hosts. 

45 Examples for such hosts are prokaryotic or eukaryotic cells. A large number of such hosts are available 
from various depositories such as the American Type Culture Collection (ATCC) or tt>e Deutsche Sammtung 
fur Mikro-organismen (DSM). Examples for prokaryotic cellular hosts are bacterial strains such as £. colK B, 
subtiifts and others. Preferred hosts are mammalian cells such as the SV40 transformed African Green 
monkey kidney cell lir>e COS. 

50 The IL-12 receptor protein produced by fermentation of the prokaryotic and eukaryotic hosts trarts- 
fonmed with the DNA sequences of this invention can then tie purified to essential homogeneity by known 
methods such as, for example, by centrifugatton at different velocities, by precipitation with ammonium 
sulphate, by dialysis (at normal pressure or at reduced pressure), by preparative isoelectric focusing, by 
preparative gel electrophoresis or by various chromatographk: methods such as gel filtration, high perfor- 

65 mance \tqu\d chromatography (HPLC). ion exchange chromatography, reverse phase chromatography and 
affinity chromatography (e.g. on Sepharose™ Blue <X-6B or on canier-t>ound mor>oclonal dntit>odies). 

The size of the IL-12 receptor subuntt at the cell surface was stimated by affinity crosslinking of 
labelled IL-12 as well as cell-surface lat)e«ing studies. Transfected COS cells express the IL-12 r ceptor 
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subunit as a protein of about 100 KDa size. The calculated molecular weight for the mature form of the 
protein is 70,426; thus, atK>ut 25% of the molecular weight of the surface expressed protein is likely to be 
cart>ohydrate. Transfected COS cells also express a larger molecular weight form of the IL-12 receptor 
subunit 

5 The available evidence supports the conclusion that the IL-12 receptor dimenzation/oligomerization is 
irKlependent of IL-12 binding. Similar to these findings, it has been reported for the EPO receptor that 
dtsulfide-bonded receptor dimers and oligomers are formed and that EPO stimulation had no detectable 
effect on receptor dimerization (O. Miura, et al. (1993) Archives Biochem. Biophys., 306, 200). Our data also 
indicate that only tfie IL-12 receptor dtnners/oligomers bind tL-12 with the 2-5 nM affinity observed on intact 

10 transfected COS cells, i) An antHL-12 antifcxKly only immunopredpitates an affiruty crosslinked complex 
conresponding to one. IL-12 and a receptor dtmer/oligomer. ii) Affinity crosslinked complexes of the size 
expected for one receptor sutMjnit and one IL-12 are fonrrted very inefficiently at IL-12 concentrations 
corresponding to tfie Kd measured on transfected COS cells, iii) Murine CTU. cells stably expressirig tfie 
receptor sutxjnft t>ind IL-12 very lr>efficientfy (estimated Ko === 50 nM or lower); these cells also do not 

IS express subunit dimers/oligomers. It was unexpected to find that COS cells arKi CTIX cells differ In their 
abiCty to express the IL-12 receptor subunit in a way that alk>ws IL-12 btndir>g: This could t>e due to species 
spectftctty: murine CTLL cells are somehow unable to 'process* the human IL-12 receptor protein correctly. 
resultir>g in inefficient dimerizatioryoligonnerization and IL-12 binding. C7orx»ivat>ly. COS cells coukJ express 
an ertdooenous protein that alk}ws the IL-12 receptor dtmerizatkm/oBgomerization to occur. Since urtder the 

2o experimental corKlltions used, the number of low-affinrty tL-12 receptor sites per transfected COS cell is 
always greater than 10^, it seems unKkely that an endogenous COS cell component forms dimers or 
oligomers with the receptor subunit 

The iL-12 receptor subunit is a member of ttre hemopoietin receptor superfamity. Within that family, it is 
rrK>st closely related over its entire length to gp130 and the receptors for G-CSF and LIF. The extracellular 

25 portion of the tL-12 receptor subunit can also be dh^ded Into five fibronectin type III repeats, similar to what 
was rejDorted for gp130 (M. Hibi. et al. (1990) Cell. 1149). H is interesting to note that the ligands for IL- 
12 receptor and gp130. I.e. IL-12 p40 and IL-6 receptor, both also contain such fibror>ectin type III repeats 
(Hibi. et al.. supra; Schoenhaut, et al. (1992) J. Immunol.. 146 . 3433). Some features of the cytoplasmic 
portion of the IL-12 receptor subunit merit further comment Compared to the corresponding areas in gp130 

so (276 AA) and the receptor for UF (237 AA). it is rather short However, mutagenesis studies have shown 
that for gp130. only about 100 amino adds in the cytoplasmic region are suffictent to trar>sduce a sigr^al 
(Miffakami. et al. (1991) Proc. Natl. Acad. Set. USA, 11349). The potential functionality of the IL-12 
receptor cytoplasmic portion appears to be borne out furtf)er by the presence of a number of features 
coTYserved in other functk>nal hemopoietic receptors (among them the receptors for G-CSF, EPO and GM- 
os CSF): conserved areas 1 and 2 (Murakami, et al. (1991) Proa Natl. Acad. Sd. USA, 11349) are clearly 
present arKi thus give the low affinity IL-12 receptor compor>ent the makeup of a beta type subunit (N. 
StaW, et al., 1993, Cell, 74:587). 

The IL-12 receptor cDNA is useful for the folk>wing puiposes: 

Expression of recomt>inant IL-12 receptor protein in high levels arKl its use as an antigen allows 

40 production of additional r)eutralizing monoclonal arKi polyclonal antibodies. Such neutralizing antifcKxjies can 
be used in in vivo mod^ settings to elucidate the role that IL-12 ar>d its receptor play In normal as well as 
pathologic immune responses (i e. disease states that are aggravated by activated T- and NK-ceUs Uke 
autoimmune diseases, graft versus host disease and rtieumatold arthritis). 

IL-12 receptor proteins can be administered, for example, for the purpose of suppressing Immune 

s5 responses in a hunr>an. .A variety of diseases or conditions are caused by an immune response to 
alk>antigen. ir>cluding allograft rejection and graft-versus-host reaction. In alk>antigen-lnduced immune 
responses, IL-12 receptor can suppress lymphoprolif oration and inflammation which result upon activation of 
T cells. IL-12 receptor can therefore be used to effectively suppress altoantigennnduced immune respxsnses 
in the clinical treatment of, for example, rejection of altografts (such as skin, kidney, and heart transplants), 

so and graft-versus-host reactions in patients who have received bone marrow transplants. 

IL-12 receptor can also be used in clinical treatment of autoimmune dysfunctior>s, such a rheumatoid 
arthritis, diabetes and multiple sclerosis, which are dependent upon the activation of T cells against antigens 
not recognized as t>eir^ indigenous to the host IL-12 receptor can also be useful in treatment of septic 
shock in which interferon gamma produced in response to IL-12 plays a central role in causing nrK>rt)«dity 

S5 and mortality (Doherty et aL (1992) J. Immunol. 149, 1666). 

Purified IL-12 receptor composttkms will be useful in diagnostic assays f r tL-12 or IL-12 receptor, and 
also in raising antitxxJies to IL-12 receptor for use In diagrK>sis or th rapy. In additi n. purified IL-12 
receptor compositiorts may be used directly in therapy to t>ind or scaveng IL-12, tfiereby providing a 
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m ans for regulating the immune or inflammatory activities f IL-12. tn its use to prev nt or reverse 
pathologic immune responses, solubl IL-12 receptor can t>e combined with other cytokine receptor 
antagonists such as antibodies to the IL-2 receptor, soluble TNF receptor, the IL-1 receptor antagonist, and 
the like. 

The dose ranges for the administration of the IL*12 receptor proteins and fragments thereof may be 
detenmtned by those of ordinary skill in the art without undue experimentation. In general, appropriate 
dosages are those which are large enough to produce the desired effect, for example. bk>cking the tending 
of endogenous IL*12 to its natural receptor. The dosage shouki not be so large as to cause adverse skje 
effects, such as unwanted cross-reactions, anaphylactk: reactions, and the like. Generally, the dosage wilt 
vary with the age, condition, sex and extent of disease In the patient counter indications, if any, immune 
tolerance and other such variat>les, to t>e adjusted by tbe indivkiual physrcian. The expected dose range is 
atXHJt 1 ng/kg/day to about 10 mg/kg/day. The IL-12 receptor proteins and fragments thereof can be 
administered parenterally by injection or by gradual perfusion over time. They can be administered 
intravenously, intraperitonealty, intramuscularly, or $ut)Cutaneously. 

Preparations for parenteral administratkm include sterile or aqueous or non*a£;ueous solutions, suspen- 
sions, afKi emulsk>ns. Examples of non-aquepus solvents are propylene glycol, polyethylene glycol, 
vegetable oils such as olive oil, and in|ectable organic esters such as ethyl deate. Aqueous carriers include 
water, akx>holicy&queou3 solutions, emulsions or suspensk>ns, including saline arxS txiffered media. Paren- 
teral vehicles include sodium chloride solution. Ringer's dextrose, dextrose and sodium chk>ride, lactated 
Ringer's, or fixed oils. Intravenous vehicles Include fluki and nutrient replenishers, electrolyte reptenishers. 
such as those based on Ringer's dextrose, arKl the tike. Preservatives and other additives may also be 
present, such as. for example, anti-microbials, antf-oxidants, chelating agents, inert gases and the like. See, 
generally, RemlngtoiTs Phamaceuticai Science, 18th Ed., Mack Eds.. 1990. 

The present invention also relates to novel immunogk>bunns, which include novel antisera and 
nnonock>nal antitxxJies to the human IL-12 receptor for all three classes of affinities mentioned at>ove. 

Representative anti-IL-12R antisera provkied in accordance with the present Invention block IL-12 
binding to cells expressing IL-12R and can also neutralize IL-12 activity. In further embodin^ents of the 
present invention, tfie morkoclonal antitxxlies which are selective to IL-12R are prepared ki accordarK» with 
gerterally known techniques, such as the method of K5hler and Mitstein. Suitable monock>nal antitxxlies to 
IL-12R can be modified by known methods to provide chimeric, humanized or single chain antibody (SCA) 
embodiments. 

The immur>ogk>t>ulins according to the present invention comprise antitxxlies whteh are capable of 
inhibiting the binding of IL-12 to the IL-12 receptor and are capable of neutraliztng IL-12 bloactivity by 
binding to the IL-12 receptor. Furtf>er the inventkm refers to immurtoglobutins which bind to the IL-12 
receptor but which are not capable of rnhtt>iting the t>inding of IL-12 to the IL-12 receptor and are not 
capable of neutralizing IL-12 k>k>activfty by t>inding to tfra tL-12 receptor. 

Tbe IL-12 receptor antibodies of the present invention can be used to determine IL-12 receptor 
expression on human cells, such as peripheral bkxxJ lymphocytes and bor>e marrow cells, in normal and 
pathologk:al conditioris. The antisera and monockmal antibodies of the invention can also be used to bk>ck 
IL-12 birKiing to its receptor and thus bk>ck its b«ok>gic activity. Neutralizing antibodies of the present 
invention can thus be used for therapeutic intervention In a number of disease states that are aggravated by 
activated T-cells and NK cells, such as autoimmune diseases, graft versus host disease and rtieumatofd 
arthritis. Finally, as has been specifically demonstrated by the specific antibody embodiment of the present 
invention, such antibody wilt also t>e useful for.expressk>n ck^ning strategies to isolate a cDNA coding for 
the IL-12 receptor. 

The antisera of the invention can be conveniently produced by immunizing host animals with PHA- 
activated human PBMC. Suitable host animals include rodents, such as. for example, mtee, rats, rabt>its, 
guinea pigs and the like, or higher mammals such as goats, sheep, horses and tt>e like. Initial doses and 
booster shots can be gh^en according to accepted protocols for eliciting immune responses in animals, e.g.. 
in a prefenred emtxxilment mk:e received an initial dose of 6 x 10^ cells/mouse Lp. ar>d five subsequent 
booster shots of t>etween 2-5 x lO' cells over a six month period. Immunized mice were observed to 
dev6k>p an immune response against the hunr^an IL-12R as determined by inhitntion of ^^\-]L't2 binding to 
PHA-activated PBMCs (Rgure 7) and immunopredpitation of the complex of *^I-IL-12 crosslinked to IL- 
12R. whk:h methods provide a convenient way to screen for hosts which are producing antisera having the 
desired activity. 

Monoclonal antibodies are produced conveniently by immunizing Balb/c mice according to the akx>ve 
schedul folk>wed by injecting th mic with 1x10^ ceHs i.p. and 2.5 x lO' cells iv. on two successiv days 
starting four days prior to the cell fusion. Other protocols well known in the antit>ody art may of c urse t>e 
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Utilized as well. The complete Immunization protocol detailed herein provided an optimum protocol for 
serum antitXKty response for the antibody to the human tL-12 receptor. Other immunization protocols 
resutted in a lower serum antibody response than the protocol set forth below: For example. 1) immuniza- 
tion with lower numbers of PHA-activated lymphoblasts (0.7 to 1.8 x lO' cells/txx>ster immunization); 2) 
immunization with fewer numbers of booster immunization or over a short period of time (40 days) with 2 to 
6 X 1(F cells/immunization; and 3) immunizations with cell membranes derived from PHA-activated 
lymphoblasts (membranes equivalent to 1 to 4 x 10" cells/immunization) all produced serum antikx>dy 
responses but not as significant as the protocol below. Simitar results were obtained when Immunizing rats. 

B lymphocytes obtained from the spleen, peripheral blood, lymph nodes or other tissue of the host may 
be used as the mor>oclonal antibody producirig cell. Most preferred are B lymphocytes obtairted from the 
spleen. Hyt>ridomas capable of generating the desired monoclonal antibodies of the invention are obtained 
by fusing such B lymphocytes with an immortal cell tine, that is a ceQ line that which imparts long temn 
tissue culture stability on the hytMid cell. In tt>e preferred embodiment of the invention the imnrtortal ceH 
may l:>e a lymphot>lastoid cell or a plasmacytoma celt such as a myeloma cell, itself an antibody producing 
cell but also malignant Murine hybrklomas which produce tL-12R monoclonal antitxxiies are formed by the 
fusion of mouse myeloma cells arid spleen cells from mice Immunized agairist htL-12R expressed on the 
surface of activated peripheral blood mononuclear cells. Chimeric and humanized morKx:lonal antibodies 
can be produced by cloning the antitxxiy expressing genes from the hybridoma cells and employing 
recombinant DMA metfK)ds now well known in tfte art to either join the subsequence of the mouse variable 
region to human constant regions or to combine human framework regions with complementarity determirt- 
ing regions (CDR's) from a donor mouse or rat immunoglobulin, EP 0239400). An improved metfuxl for 
carrying out humanization of murine monoclonal antibodies which provides antitxxjies of enhar^ced affinities 
IS set forth in International Patent Application Mo. WO 92/11016. 

The invention also includes a process for the preparation of a morKx:lonal antitxxfy directed to an 
lnterleukin-12 receptor which comprises a) Immunizing a host animal vwth lnterleukin-12 receptor, b) fusing 
B lymphocytes of said host animal with an immortal cea line, and c) preparation of morK>clonal antit>odies 
by cutturing the resulting hybridoma cell line. 

Polypeptide fragments comprising only a portion of the primary antibody structure may t>e produced, 
which fragments possess or>e or more ImmunoglotHJtin activities. These polypeptide fragments may be 
produced by proteolytic cleavage of intact antitxxiies by methods well known in the art. or by inserting stop 
codons at the desired k>cations in expression vectors containing the antibody genes using site-directed 
mutagenesis to produce Fab fragments or (Fab')2 fragments. Single chain antitxxiies may t>e produced by 
joining VL and VH regions with a ONA Unker ( see Huston et al.. Proc, Nati. Acad. Sci. U.SJ\.. 85, 5879- 
5883 (1988) and Bird et al.. Science, 242, 423-426 (1988). 

It Is also within the skill of the art to utilize ttte monoclonal antibodies of the present invention as 
therapeutic ^ents. They may be formulated for parenteral administration in a manner kr>own in the art such 
as by dissohdrtg the purifted monock>naf antibody product either Intact or as a fragment in water for 
injection and sterile filtering. TT>e dosage form may contain kr>own excipients for parenteral administration of 
proteins such as buffers, stat>ilizers and carrier protein. The adnifnistered dosage will be selected by the 
attending physician by giving due cortskleration to tfie disease severity and nature as well as the age, size 
and condition of the patient As immunoglobulins have demor)sti3ted extended half-^ifes in patients dosing 
every 10-14 days is usually suffkienl It is also within the skill of the art to modify ttte morK)ck>nal antibody 
by forming a hybrid with a toxin molecule such as with a pseudomonas exotoxin or with the A chain of ricin 
to provide a hybrid nr>olecule capable of destroying the cells expressing ttie IL-12R in a selective manner. 

The invention also pertains to a method for detecting peripheral trfood cells which express the tL-12 
receptor, whteh comprises contacting a sample which contains the subject cells with substances capable of 
formtr>g complexes with the IL-12 receptors so as to form cellular complexes l>etween the substances and 
the IL-12 receptors, and detecting such cellular complexes. Another embodiment of the invention provkies a 
method of evaluating cell activity in a subject which corhprises detecting peripheral blood cells according to 
the method described at>ove. 

In the preferred embodiments, the sut>stances are cap>at>le of forming complexes only with the IL-12 
receptors present on the surface of peripheral blood cells in which the receptors were expressed. 
Particularly preferred are substances which comprise IL-12 morKX^lonal antibody. 

One emtxxllment of the Invention provides a method of evaluating immune cellular acth^rty which 
comprises: 

a. isolating peripheral t>k>od rrK)rK>nuclear c lis; 

b. treating th cells with the IL-12 m nodonal antitxxly; and 

c. det rmining the amount of monodonai antibody txHind to tt>e celts. 
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The invention also involves a method for diagnosing an immune system abnormality in a subject which 
comprises determining the number of T celis, NK cells, or B-cells in a sample derived from the subject 
This nnethod involves contacting the sample with substances capable of forming complexes with the IL-12 
receptors and determining the percentage of T cells. NK cells or B cells in the sample which have the IL-12 

5 receptor. Comparing the percentages so determined with the percentage of cells which have the IL-12 
receptor in a sample from a normal subject who does not have the immune system abnormality, the 
differences in the percentage of cells so determined t>eing indicative of the immune system abnormality* 
Preferably, the subject is an animal, e.g.. a human. 

As a nnolecule associated with T cell. NK cell and B cell function, the measurement of IL-12R 

to expression has diagnostic importance. Because IL-12R is distincth^ to activated T cells, NK cells or B cells, 
it is a unique marker for these cells in a population of lymphocytes. 

Moreover, the level of expression of IL-12R provides a measure of T eel), NK cell or B cell activity. This 
information may be important for evaluating the immune status of an individual. For instance. In the treating 
of certain disease, such as carreer, agents wtiich affect tt>e immunocompetency are often used. Assays for 

fs iL-12R expression may allow physicians to monitor the immune status of the patient and to adjust treatment 
to minimize the risk of opportunistic infection, often a threat to immunocompromised patients. 

Assays for tL-12R expression may be corwenttonal immunocftemical assays for cell surface antigens. 
Peripheral blood mononuclear cells can be isolated from patient and incubated with IL-12R morK>clonal 
antibody under conditions whteh alk>w tf>e antibody to bind tfie surface antigen. Antik)ody bound to the cell 

20 surface provides a measure of IL-12R expression. Binding of tfie antitxKfy to cells may be evaluated by 
emptying an IL-12R morK>ck>nal antibody labelled with a radioactive, fluorescent or other compound 
capable of t>ein9 detected. 

The inventton also involves a method for detectir^g soluble IL-12 receptor corK^ntration in samples 
derived from subjects with immune system disorders, caru:er, or other diseases that woukl t>e mariced by 

25 an increase or decrease in soluble form of IL'12R. Assays for soluble IL-12R may t>e conventior>al sandwich 
immurKx:hemical assays or ^^ML-12 bindir)g assays to imnr>obilized IL-12F^ 

The terms arKi expressions which have t>een employed are used as terms of description and not of 
limitation, and there is r>o intention in the use of such terms and expressions of excludir>g any equivalents of 
the features shown and descrit)ed or portions thereof, it t>eing recognized that various modifications are 

30 possible within ihe scope of the invention. Certain embodiments of this inventk>n are exemplified in the 
Examples which folk>w. The Examples are set forth to aid in an understar>ding of ttie invention but are rK>t 
intended to, and should not be construed to. Hmrt in any way the invention as set forth in the claims which 
folkDw. 

35 MATERIALS AND METHODS 
Proteins and Plasmids 

Flecombinant huntan IL-12 (U. Gubler et al.. Proc. NaU. Acad. Sd. USA (1991) 88. 4143. and murine IL- 
40 12 (D. Schoenhaut et al.. J. lmmur)ok>gy (1992). 148. 3433) were obtained as described therein. 

The murine anti human IL-12 receptor monock>nal antitxxfy 2-4E6 used herein was generated as 
described herein below and was purified from ascites flukis by affinity chromatography on protein G- 
ag arose according to the manufacturer's instructions (Genex). The proteins were lat>elled with 1-125 by a 
rrKXlification of tfie kxlogen rhethod as descrit>ed (Pierce Chemical Co.. Rockford. IL). Radiospedfic 
43 activities of 5000 - 7000 cpm/fmole for IL-12 and 1500 - 2500 cpm/fmole for the 2-4E6 antibody wer 
typically obtained. 

The plasmid pEF-BOS Is based on a pUC 119 backbone aruJ contains the ek)ngation factor 1 alpha 
promoter to drive expression of gorges Inserted at the BstXI site (S. Mizushima and S. Nagata (1990) Nud. 
Acids Res. 18. 5322). 

50 

Example 1 

Preparation. Characterization and Purification of Hybridoma Antibodies 

66 Baltic mice (Charles River L.at>oratories) were immunized by the intraperitoneal route with PHA- 
(phytohemagglutanin)-acttvated human PBMC (PHA-activated PBMC) at 6 x 10^ cells/nrKnise. Mk:e received 
5 subsequent t>ooster injections of between 2-5 x lO' cells over a six month period. For pr paration of 
activated spleen c lis. 2 mice wer injected tntraperitoneally and intravenously with 1 x 10^ and 2.5 x 10^ 



9 





EP 0 638 644 A1 



cells, respectively, n two successive days, starting four days prior to the cell fusion. Spleen cells were 
Isolated from these mice and fused with SP2/0 (ATCC CRL 1581) cells at a ratio of 1:1 with 35% v/v 
polyethylene glycol 4000 (E. Merck) according to the method of Fazekas et aJ., J. Immunol. Methods (1980) 
35. 1. The fused cells were plated at a density of 6 x 10^ cellsAnl/well in 48-well cluster dishes in IMDM 

6 supplemented with 10% FBS, glutamine (2 mM), ^-mercaptoethanot (0.1 mM), gentamictn (50 g/mQ, 5% 
ORIGEN hybridoma ctoning factor (I6EN, Inc.), 5% P388D1 (ATCC CRL 46) supernatant (r4ordan, R.P., et 
al., J. Immunol. (1987) 139 . 813) and 100 Units/ml rHulL-6. Hybndoma supematants were assayed for 
specific anti-tL-12 receptor antitKXdtes by: 1) immurK)precipitation of the soluble complex of ^^l-HulL-12 
crosslinked to IL-12 receptor (125m.-12/IL-12R), 2) Inhibition of '=MHulL-12 binding to PHA-activated 

70 PBMC*s, and 3) dIfferentiaJ binding to I1.-12 receptor positive celts versus receptor negative cells). 
Hybridoma cell lines secreting specific anti*receptor antitKxltes were cloned by limiting dilution. AnblKxJies 
were purified from ascites fluids by affinity cfiromatography on Protein Q bound to cross-linked agarose 
according to the manufacturer's protocol (Genex). 

IS Example 2 

Preparation of Human PHA Lymphot>lasts and IL-12 Receptor Binding Assays 

Human peripheral blood mononuclear cells were isolated (see Gately et al. J. NatL Cartcer inst 69, 
20 (1982) 1245) and cultured at 37* C at a density of 5 x 105 cells/ml in tissue culture medium (TCM) 
containing 0.1% PHA-P (Difco). After 3 days, tfte cultures vifere split 1:1 witfi fresh TCM, and human riL-2 
was added to each culture to gh^e a final concentration of 50 units/ml. The cultures were tt^en incubated for 
an additional 1-2 days, prior to use in assays. 

PHA-activated human PBMC vwe washed once in binding buffer (RPMI-1640, 5% FBS, 25 mM HEPES 
25 pH 7.4) and resuspended in turxling buffer to a cell density of 7 x 10^ cells/ml. Lympftobtasts (7 x 10^ cells) 
were incubated with various corx^ntratioris of ^^I-\L'^Z (5-10000 pM) at room temperature for \he 
designated times. Cell txnind radioactivity was separated from free ^^l-lL-12 by centrifugation of the assay 
mixture through 0.1 ml of an oil mixture (1:2 mixture of Thomas Sifkxme Ruid 6428-R15 : AH. Thomas, and 
Silkx>ne Oil AR 200 : Gallard-Sciilessinger) at 4*C for 90 sec at 10,000 x g. The tip containing the cell 
30 pellet was excised, and cell bound radioactivity viras determined in a ganrwna counter. Non-specHic bindir>g 
was determined by incluskxi of 100 nM unlat>ened IL-12 in the assay. Incubations were carried out in 
duplicate or triplicate. Receptor binding data were analyzed by using the non-linear regression programs 
EBDA arKJ UGAND as adapted for the IBM personal compniter by McPherson. J. Pfiarmacoi. MettKxIs 
(1985) 14, 213 from Etsevier-BIOSOFT. 

35 

Example 3 

Affinity Cross-Unking of '^ HL-12 to IL-12 Receptor Bearing Cell Lines 

40 IL-12 receptor bearing cells were incubated with ^^HL-^Z (100-500 pM) in the presence or absence of 
excess unlat>elled IL-12 for 2 hr at room temperature. The cells were then washed with ice^d PBS pH 8.3 
(25 mM Sodium Phosphate pH &3, 0.15 M NaCI and 1 mM MgCb) and resuspended at a concentration of 
0.5-1.0x10^ cells/ml in PBS pH a3. BS3 (Pierce) in dimethyl sulfoxide was added to a final concentration of 
0.4 mM. Incubation was continued for 30 min. at 4*C with constant agitation. The cells were washed with 

45 ice-coW 25 mM Tris-HCI (pH 7.5), 0.15 m NaCI and 5 mM EDTA and ttien solublized at 0.5 * 1.0 x 10» 
cells/imi in solubilization bKjffer (50 mM Tris-HCI (pH 8.0) containing 8 mM CHAPS, 0.25 M NaCI. 5 mM 
EDTA, 40 ug/ml PMSF, 0.05% NaMs, and 1% BSA) for 1 hr at 4*C. The extracts were centrifuged at 
12,006 X g for 45 min. at 4 * C to remove nuclei and other debris. 

50 Example 4 

Immunopreclpitation Assay of the Soluble Complex of *^ t-IL-l2 Crosslinked to Human IL-12R 

For the immunoprecipitation assay, hybridoma culture supernatant (0.5 ml), diluted antisera, or purified 
66 IgQ was added to a microfuge tube containing 0.1 ml of a 50% suspensM>n f ith r goat-anti-mouse IgG 
coupled to agarose (SIGMA CHEM. CO.) or Prot in G coupled to Sepharose 4B (Pharmacia). The assay 
volume was br ught up t 1.0 ml with IP buffer (8 mM CHAPS in PBS (0.25 M NaCI), 1% BSA. & 5 mM 
EDTA) arKl the mixture was incubated on a rotating mixer for 2 hr at room temperature. The beads wer 
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pelleted by centrrfugation, resuspended in 1 ml IP buffer containing ^^)r\\.'^2/{L'^2H (10-20,000 cpm) and 
th mixture was incubated on a rotating mixer for 16 hr at 4'C. After this incubation, th beads were 
pelleted by centrifugation and washed twice in IP buffer without BSA. The '^s |.|at>elled receptor complex 
bound to the solid phase antibodies was released by adding 100 ul of 2x Laemmli sample buffer (Nature 
6 227 , 680 (1970)) with arid without 10% ^-mercaptoethanoland heating for 5 min. at 95*C. The im- 
munoprecipitated proteins were analyzed by SDS-PAGE on 8% or 4-15% gradient polyacrylamide gels and 
visualized by autoradiography. 

Example 5 

to 

Assays for IL-12R Solubilized from Cells Expressing IL-12 Receptor^ 

To confirm that the antibodies identified by the inununoprectpitation assay were specific for IL-12R, an 
tmmunoprecipitation/soluble IL-I2n t>indtng assay was developed. As descrit>ed In Example 1 above. 

15 antibodies (as hybridoma supernatant, purified IgQ (50 ug) or antisera) were immot>ilized by binding to goat 
anthmouse IgG coupled to agarose (100 ul; Sigma Chemical Co.) or protein G coupled to Sepharose 4B 
<100 ul; Pharmacia). For some experiments, antibodies were covalently crossllnked to protein G-Sepharose 
4B. before being used in tt)e assay. See Stem arxl PodlasM. Techniques in Protein Cfiemistry (1993). Tbe 
immobilized antitx>dies were resuspertded in IP txiffer (0.3 ml) and 0^ ml of a detergent solubiltzed extract 

20 of PHA-activated PBMCs or K6 celts that contained IL-12R was added. To prepare the detergent soluk>tiized 
IL-12R preparation, the cells were washed with ice^ld 25 mM TrIs-HCi (pH 7.5), 0.15 M fviaCt and 5 mfA 
EDTA and then solubtized at 1.5 x 10" cells/ml in solubilization buffer ^ mM Tris-HQ. pH 8.0. containing 8 
mt^ CHAPS. 0.25 M NaO. 5 mM EDTA. 40 MgfmX PMSF, 0.05% NaNa. and 1% BSA) for 1 hr at 4« C. T7>e 
extracts were centrifuged at 120.000 x g for 60 min. at 4 * C to remove nuclei and other debris. The mixture 

S6 was incubated on a rotating mixer for 16 hr at 4*C. After this tr>cut>ation. the beads were pelleted by 
centrifugation arKl resuspended in IP tnrffer (0.15 ml) contairung ^^l-HulL-12 at coricentrations ranging from 
0.05 to 7.5 nM. The IL-12R immobilized on tfie antibody coated t>eads was incut>ated with ^2S|-HuIL-12 for 2 
hrs. at room temperature on a shaker. Followir>g this incubation, the t>eads were pelleted, washed twice with 
IP txjffer and the bound radioactivity determined in a gamma counter. Noftspedfrc k>inding was determined 

30 by inclusion of 70 nM unlat>el)ed human IL-12 in the assay. Solubilized IL-12R binding data were analyzed 
according to the method of Scatchard. (Assn. N.Y. Acad. Sd. 51» 660 (1949)) by using the rumlinear 
regression programs EBDA and Ligand as adapted for the IBM PC by McPherson. supra from Elsevier- 
BIOSOFT. 

36 Example 6 

Competith^e Inhibition of ^^ NL-12 Receptor Binding by Antibodies 

The ability of hybridoma supernatant solutions, purified IgG. or antisera to inhibit the binding of *^I-IL- 
4o 12 to PHA-actrvated lymphobtasts was measured as follows: serial dilutions of culture supematants. purified 
IgG or antisera were mixed with activated lymphobtasts (1-1.5 x 10^ cells) in t^irxJing buffer (RPMI-i640. 5% 
FBS 25 mM HEPES pH 7.4) and irtcubated on an ort>ital shaker for 1 hour , at room temperature. ^^1- 
HulL-12 (1 X 10^ cpm) was added to each tut>e and incubated for 1-2 hours at room temperature. Non- 
specific t>inding was determined by inclusion of 10 nM unlabelled IL-12 in the assay. Inculcations were 
45 carried out in duplicate or triplicate. Cell txHind radioactivity was separated from free *^I-IL-12 by 
centrifugation of the assay through 0.1 ml of an oil mixture as described above. The tip containing the cell 
pellet was excised, and cell bound radioactivity was determined in a gamma counter. 

Example 7 

50 

labelling of Human IL-12 and Mab 2-4E6 with '2S| 

Human IL-12 and purified 2-4E6 (Example 13) IgG were lat)elled with by a modification of the 
lodogen method (Pierce Chemical Co., Rockford. IL). lodogen was dissolved in chloroform and 0.05 mg 
65 dried in a 12 X 15 mm b»orosttic3t glass tube. For radiolat>eling. 1.0 mCi Na[*^l] (Amersham. Cfticago. IL) 
was added to an lodogen-coated tut)e containing 0.05 ml f Tris-iodination buffer (25 mM Tris-HCt pH 7.5, 
0.4 M NaCI and 1 mM EDTA) ar>d incubated for 4 min at room temperature. The activated '^sj solution was 
transferred to a tut>e containing 0.05 to 0.1 ml lL-12 (7 ug) or IgG (100 ug) in Tris-iodination buffer and the 
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reaction was incubated for 9 min. at room temperature. At the end of the incubation. 0.05 ml of lodogen 
stop buffer (10 mg/ml ty rosin 10% glycerol In Dult>ecco's PBS, pH 7.40) was added and reacted for 3 mln. 
The mixture was then diluted with 1.0 ml Tris-lodination buffer, and applied to a Bio-Get P10DQ desalting 
column (BioRad Laboratories) for chromatography. The column was eluted with Tris-iodination buffer, and 
5 fractions (1 ml) containing the peak amounts of labelled protein were combined and diluted to 1 x 108 
cpm/ml with 1% BSA In Tris-iodination buffer. The TCA prectptable radioactivity (10% TCA final concentra- 
tion) was typically in excess of 95% of the total radioactivity. The radiospedfic activity was typically - 1500 
to 250O cpnrvTmol for 2-4E6 IgG and 5000 to 7000 cpm>Tmol for IL-12. 

10 Bcampte 8 

Binding Assays of ^^ l'2-4E6 to Intact Cells 

PHA-activated human PBMC were washed once in binding buffer (RPMI 1640. 5% FBS and 25 mM 
J5 HEPES, pH 7.4) and resuspended in binding buffer to a cell density of 1^ x 10^ cells^l. tymphoblasts (1^ 
X 10^ cells) were incut>ated with various concentrations of ^2S|-2-4E6-lgG (0.005 to 2 nM) at room 
temperature for 1.5 hrs. Cell bound radloacthrity vras separated from free ^^h2-4E6 IgG by centrifugation of 
the assay mixture through 0.1 ml silicone oil at 4 * C for 90 seconds at 10,000 x g. The tip containlr>g the 
cell pellel was excised, and cell bound radioacthrity was determined in a gamma counter. Mon-speciflc 
20 binding was determined by inclusion of 67 nM untabelled 2-4E6 IgG in the assay. Incubatiorts were canried 
out in dup>licate or triplicate. Receptor bindirtg data were analyzed by using the nonlinear regression 
programs EBDA, Ugand and Kinetics as adapted for the IBM personal computer by McPfierson, supra from 
Elsevier BIOSOFT. 

25 ' Example 9 

Expression of Recombinant IL-12R in COS Celts and Determination of ^^ l-2-4E6 Birvding 

COS cells (4-5 X 10^) were transfected by electroporation with 25 ug of plasmtd ON A expressing 
30 recombinant human tL-12R, as describe herein below, in a BioRad Gene Putser (250 uF, 250 volts) 
according to the manufacturer's protocol. The cells were plated In a 600 cm^ culture plate, harvested after 
72 hours by scraping, washed arKJ resusperxled in binding buffer. Transfected cells (8x10* were tru:ubated 
with Increasing concentrations of ^^Hat>elted 2-4E6 or IL-12 at room temperature for 2 hrs. Celt t>ourKl 
racfioactivity was separated from free ^^Habetled 2-4E6 or IL-12 as descrit>ed above. 

as 

Example 10 

Western Blot Analysis of Soluble IL-12R with mAb 2-4E6 

40 PHA-activated PBMC were wasfted 3 times with ice-cold PBS and solutMlized at 0.5 - 1 x 10^ cells/^l in 
solubilization buffer (50 mM Tris-HCI pH 8.0 containing 8 mM CHAPS. 0.25 M NaCI. 5 mM EDTA. 40 ugAnI 
PMSF. 0.05% NaNa and 1 mg/ml BSA) for 1 hr at 4 'C. The extracts were centrifuged at 12.000 x g for 45 
min. at 4*C to remove nuclei aruJ ottter debris. The extracts were irmibated with 2-4E6 IgG or control IgG 
tXKtnd to goat-anti-mouse IgG immotnlized on cross-linked agarose (Sigma Chemical Co.). The precipitated 

45 proteins were released by treatment with 0.1 M glycine pH 2.3, neutralized with 3M Tris, mixed with 1/5 
volume of 5 X Laemmli sample buffer, and separated by SDS/PAGE on 8% pre-cast acrylamide gels 
(NOVEX). The separated proteins were transferred to nitrocellulose memtHrane (0.2 uM) for 16 hours at 100 
volts in 10 mM TRIS-HCI (pH 8.3). 76.8 mM glycine. 20% methanol ar^d 0.01% SDS. The nitrocellulose 
membrane was blocked with BLOTTO (5.0% w/v nonfat dry milk in PBS 0.05% Tween 20) and duplicate 

50 blots were probed with ^^l-2-4E6 IgG (1 x 106 cpm/ml in 8 mM CH/^S in PBS, 0.25 M NaCI. 10% BSA 
and 5 mM EDTA) + unlabelled 2-4E6 IgG (67 nM). 
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Example 11 



Analysis of IL-12 Receptor Expression on Human Cells by Ruorescence Activated Cell Sorting with mAb 2- 



To stain celts expressing tL-12 receptor. 1x10^ cells in 100 ut staining buffer (PBS containing 2% FBS 
and 0.1% NalSb) were incubated with 10 ul of 2-4E6 ascites fluid for 25 mtn. at 4*C. Cells were then 
washed twice with staining buffer followed by incubation with a 1:100 dilution of goat F(ab>2 anti mouse Ig- 
PE (T ago. Burlingame CA) for 25 min. at 4 * C. The stained cells were washed twice with staining buffer aiK) 
TO then analyzed on a FACScan flow cytometer (Becton Dickinson). 



Mice immunized with PHA-activated PBMCs developed an immune respor^ against the human IL-12R 
as determined by inhibition of ^^l-IL-12 tnnding to PHA-activated PBMCs (Figure 7) arKi Immunoprectpita* 
tion of the complex of ^^t-IL-12 crosslinked to IL-12R (data not shown). The dilutions for half-maxtmal 
inhibitkxi of ^^t-IL-12 binding to PHA-activated PBMCs were 1^00 and 1/250 for animals 211*1 and 211-2. 

20 respecth^ly (Rgure 7). These antisera also neutralized IL-12 bk)k>gic activity as measured in a PHA- 
lymphoblast proliferation assay (data not shown). Spleen celts isolated from these mice were fused with 
SP2A> myeloma cells and the resulting hyt>ridomas were initially screened for IL-12R specific antitxxSies by 
immurK>precipitation of the '25|-IL-12/IL-12R complex and by intttbition of ^^h^^L-^Z birxJing to I1.-12R. 

For Rgure 7, ten fold serial dilutkms of mouse anti-IL-12R immune serum (#211-1 and #211-2) and 

2S normal mouse serum (NMS) were preincubated with PHA-activated PBMC for 60 min aft RT (room 
temperature) before addition of *^I-IL-12 (100 pM). After addition of *^I-IL-12. tf^e reaction was inculcated 
for 1-2 hrs at RT and the cell bound radioactivity was determined. The data are expressed as the % 
Inhibition of *^ML-12 binding in the presence of the immune serum when compared to the specific bindirtg 
in the absence of serum. 



Example 13 

kJentificatk>n and Characterization of Monoclonal Anti*IL'12R AntitxxJies 

35 The immunoprecipHation assay identified 13 hybridomas secreting putative non-neutralizing anti-IU-12R 
antit>odies, whereas the IL*12R binding assay identified 3 putative neutratizir)g IL-12R antitxxJies (Table 1). 
The immurK>prectpitation assay measured the atMlity of ttie putative anti-IL-12R antibodies ttiat are 
immobilized on a solid phase to capture the solubilized complex of *^I-IL-12^L-12R. To verify that tt>e 
radioactivity immunoprecipitated by the immobilized antit>ody was present In the complex of *^I-IL-12/IL- 

40 12R, tfie immurK>precipitated proteirts were solutMlized^ separated by SDS-PAGE and visualized by 
autoradiography. The preparations of tfie *^NL-12/tL-12R complexes solubilized from PHA-activated PBMC, 
Kit-225 and KB cells were resoked into two major radioactive t>arKjs. 210-250 kDa arul 75 kOa (Figure 8). 
The 210-250 kDa and 75 kDa complexes were klentified as the *^I*IL-12/IL-12R complex and *^ML*I2 not 
complexed with the receptor, respectively (Figure 8). See also Ctiizzontte et al.. J. Immurtol. 148, 3117 

45 (1992). The radioactive 75 kDa band visualized from the cell extracts co-migrated with ^^\'\L't2, indicating 
that it represented ^^\-\L-%2 that t»ound but was not covalently crosslinked to IL-12a The 210-250 kDa 
band was rK>t a covalent crosslinked or»gonr>er of ^^ML-12 t>ecause it is not produced when the crosslinking 
agent BS3 was added directly to '25|-il-12 (Figure 8). 

Hybridoma cells secreting putath^e anti-IL-12R antibodies were then clor>ed by limiting dilution and 

50 screened by both the immunoprecipitation and inhibition of t>indir)g assays that identify non-neutralizing and 
neutralizing antitxxjies. respectively. During this cloning and screening process, hybridoma lines secreting 
putative neutralizing anti-IL-i2R antitKXiies were not recovered, whereas non-neutralizing antitxxJies were 
recovered from both the original immunoprecipitation and inhibitory positive hybridomas. After this initial 
identification ar>d cloning, a direct binding assay was used to determine if the fK>n-r>eutralizing antttx>dies 

55 only bound to cells xpr sstng tL-12R. This assay d monstrated thai tfie non-neutralizing antit>odies could 
t>e divided into 2 classes, those that bound only IL-12R positiv human cells and those that bound to most 
human celts (data not shown). R presentativ antikxxfi s from each class. 2-4E6 and 2C6. respectiv ly* 
w re produced in ascites fluid, purified by protein G affinity chromatography and extensWely characterized. 
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Example 12 



Inhibition of IL-12 Binding to Human PHA-Lymphot^asts by Mouse Anti-IL-12R Antiserum 
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For Rgur 8, PHA-activated PBMC (PHA-PBMC), Kii'225 (Kit-225) and K6 (K6) cells (1 x lO' ceUs/ml) 
were incubated wrth *^hlL-l2 (100-500 pM) for 2 hrs at room temperature in the absence or presence of 25 
nM unlabeled IL-12. Cells were then washed, affinity crosslinked with BS3 (0.4 mM final corK:entration) and 
a cell extract prepared as described. The cell extract was predpttated with wheat germ lectin bound to solid 

5 supports as described. The precipitated proteins were released by treatment with sample buffer and 
analyzed by SDS-PAGE and autoradiography on a 8.0% slab gel. The complex of ^^hlL-12 crosslinked to 
the IL-12 receptor migrates as a single major band of approximately 210-250 kOa The band migratir>g at 75 
kDa is '2SHL-12 that was bound but not crosslinked to the IL-12 receptor. ^^h\L-^2 (IL-12) and '25HL-12 
that was treated with the BS3 crosslinker (IL-12/BS3) were electrophoresed in parallel lanes as markers for 

10 the migration of tfie 75 kDa IL-12 heterodinr>er and for any oligomers of IL-12 that may form with the BS3 
crosslinker. The molecular sizes indicated in the margins were estimated from standards run in paratlet 
lanes. Exposure time was 7 days. 

Tatrfe 1 

75 



20 



INITIAL IDEMTinCATION OF HYBRIDOMAS SECRETING ANTWL-12 RECEPTOR ANTIBODIES: 
SPLENpCYTES FROM MICE #211-1 AND #21 1-2 


HYBRIDOMA/ANTIBODY LP. ASSAY* (cpm bound) 


INHIBITtON ASSAYS 


IL-12R 2C65 


1900 




211-1 


1A5 


722 






4E6 


840 






5C1 


312 


+ 


211-2 


3B1 


1323 






4A3 


2172 






4D6 


804 






5D5 


877 






4A5 


509 


+ 




4C6 


456 






1D1 


1395 






5E6 


2043 






2-4E6 


2836 




Control mAb 402 







' LP. assay measures the amount of '®HL-12/IL-12R complex tx>und by the tmmot>ilized antibody. 
2 Inhibition assay measures whether the antibody can inhibit ^^l-IL-12 binding to PHA-activated 
PBMC. 



3 IL-12R 2^ Is an antibody that both immunoprecipitates the '=5|-IL-12/IL-12R complex ar>d binds 
to many tL-12R positive and negative human cells. This antibody probably recognizes a component 
closely associated with the IL-12R. 



45 Example 14 

Characteristics of Monoctonal Anti-IL-12R Antibody 2-4E6 Binding to Natural IL-12R 

mAb 2-4E6 Immunoprecipitates the ^^\-lL-A2AL'A2H complex solubilized from PHA-activated human 
so lymphoblasts, Ktt-225 and K6 cells (Rgure 9, data shown for PHA-activated PBMC), but does not block ^^sj. 
IL-12 binding to IL-12R expressed on these cells. These data suggested that the 2-4E6 antitxxJy was a rum- 
inhibitory or non-neutralizing anti-IL-12R antitxxiy. To confirm that 2-4E6 was an non-inhil)itory antitxxiy 
specrfk; for the IL-12R, 2-4E6 was labelled with '2S| and direct binding assays were performed with IL-12R 
positive and negath^e cells. ^^hZ-AB^ Wnds to IL-12R t)earing ceils with an affinity that ranges from 337 pM 
55 to 904 pM and identifies between 1500 and 5000 binding sit s per cell (PHA-activated PBMC, Figure 10; K6 
cells. Rgure 11). IL-12 does not block ^^hZ-AEB from binding to PHA-activated PBMCs and confirms that 
2-4Ee is a non-inhibitory/non-n utralizing arrtibody (Rgur 12). ^2S|-2-4E6 birxJs to ther cells expressing IL- 
12R. such as tOt 225. and YT cells, but does not bind t tL-12R negative cells (nor>-activated human PBMC. 
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MR05 fibroblasts and HL-60 cells (Tablo 2). 

Equilibrium binding assays have demonstrated that identifies 3 separate binding sites on th 

surface of PHA-activated PBMCs, Kit-225 and KB cells (Rgure 13, data for KB cells and Table 2). Analysis 
of this binding data by the method of Scatchard, supra shows these affinities are approximately 5-20 pM. 
6 50-200 pM and 2-6 nM, respectively. The total number of ^^l-IL-12 binding sites per cell are approximately 
1500 to 5000. which is in good agreement with the total numt>er of binding sites identified by ^^l-2-4E0 
(Table 2). The data also suggests that 2-4Ee recognizes the low affinity (2-5 nM) binding component of the 
iL-12 receptor in much the same manner that the anti-TAC antitx>dy recognizes the low affinity component 
(p55 subunit) of tfie IL-2 receptor. 

10 Since the data indicated that nr^ 2-4E6 was a non-neutralizing antibody specific for the IL-12R, the 
molecular weight and l-IL-1 2 binding characteristics of the protein(s) immunopredpitated by mAb 2-4E6 
from the surface of tL-l2R positive cells was investigated. TDe steady state binding of l-IL-1 2 to proteins 
immunoprecipitated by immobilized 2-4E6 from solubilized extracts of PHA-activated PBMCs. Kit-225 and 
KB cells was saturable and specific (Figure 14. data for extracts from K6 cells). Transformation of the 

75 tending data by the method of Scatchard, revealed a single site with an apparent affinity of 188 pM. The 
proteins immunoprecipitated by 2-4E6 from the cell extracts were resolved by SDS-PAGE. transferred to 
nitrocellulose membrar>e and probed with ^^l-Z-AEB in a western blot On tfie western blot ^^l-2-4E6 binds 
to an approximately 90 kDa protein, that is only imrnunopredpitated by 2-4E6 and not by an anti-IL-12 
antibody or a control antibody (figure 15. data shown for PHA-activated PBMCs). tn summary, all the data 

20 demonstrated that mAb 2-4E6 bound a protein on tiie surface of IL-12R positive celts that was approxl- 
matefy 90 kDa and t>ound *^I-IL-12 in a specific manner. 

For Figure 9, soluble complexes of ^25hl-12/IL-12R were prepared from PHA-activiated human PBMC 
as detailed herein (see also Figure 8) arxl immurtoprecipitated by immobilized antitxxlies, 2-4E6. 2C6, 4D6, 
20C2 and control. The soluble complexes were also precipitated with wheat germ lectin immotxrized on 

25 crosslinked agarose. The precipitated proteins were analyzed as descrit>ed herein and in Figure 8. 
Antitxxlies 4D6 and 20C2 are non-neutralizing and neutralizing anti-IL-12 antitxxlies. respectively. 4D6 
immunoprecipitates ^=5HL-12/IL-12R complex aruJ free ^^Hlr^2, wfiereas 20C2 only immunopredpitates 
free ^^h\L'^2, Both 2-4E6 and 2C6 recognize the l-IL-1 2/H.-12R complex. ^^h-lL-AZ (IL-12) and '2S|-IL-12 
that was treated with the BS3 crosslinked (IL-12/BS3) were electrophoresed in parallel lanes as markers for 

30 the migration of the 75 kDa tL-12 heterodimer and for any oligomers of IL-12 that may form with the BS3 
crosslinker. The nnolecular sizes indicated in the margins were estimated from star>dards run in parallel 
lanes. Exposure time was 7 days. 

For Rgure 10. Lymphoblasts (1 x 10^ cells) were incut)ated for 2 hrs at room temperature with 
increasing concentrations of ^^l-Z-A^EB in the ai>sence (**) or presence (•) of 25 nM unlat>elled 2-4Ee. Total 

35 (<0 and non-specific (•) cell bound radioactivity were determined as descrit>ed. Specitic txnding of ^^1-2^ 
4E6 ( V ) was calculated by subtracting non-specific tending from total binding. The right hand panel shows 
analysis of the tending data according to the method of Scatchard as determined by Ugand computer 
program vidth a single-site model. 

For Rgure 11. K6 cells (1 x 10^ cells) were ir>cubated for 2 hrs at room temperature with increasing 

4o concentrations of ^^l-2-4E6 in the at>sence (•) or presence ( V ) of 25 nM unlat>elled 2-4E6. Total (•) and 
rwn-specific ( V ) cell tKHind radioactivity were determined as descrit>ed. Specific binding of '^I-2-4Ee ( ▼ ) 
was calculated by subtracting non-specific t>inding from total binding. The right hand panel shows analysis 
of the binding data according to the method of Scatchard as determined by Ligand with a single-site model. 
For Rgure 12, The data are expressed as the amount of '2S|_2-4E6 txxind ICPM BOUND (Percent)] to 

45 the cells in the presence of the indicated concentrations of unlabelled antibody or IL-12 when compared 
with the total specific binding in the absence of unlat)elled competitor. 

For Rgure 13. K5 cells (1 x 10* cells) were incubated for 2 hrs at room temperature with increasing 
concentrations of '^l-IL-12 in the absence O or presence (•) of 50 nM unlabelled IL-12. Total (°) and non- 
specific (♦) cell txHJnd radioactivity were detemntned as described. Specific binding of ^^l-\L-t2 ( V ) was 

50 calculated by subtracting non-specific binding from total binding. The right hand panel shows analysis of 
the tnnding data according to the method of Scatchard as determined by UgarxJ with a single-site model. 

For Rgure 14. K6 cells 1.5 x 10^ cells/ml) were solubilized with 8 mM CHAPS exUaction txiffer arxj the 
cell extract (0.2 ml) was immunoprecipitated for 16 hrs at 4* C with mAb 2-4E6 immobilized on goat anti- 
mouse IgQ coupled to agarose as described. Folkming tiiis incut>ation. tf>e beads were pelleted, washed 

66 and resuspended in IP buffer containing ^^\-\L'^2 at cone ntrati ns rar>ging from 7 pM to 7.5 nM. The IL- 
12R immobilized on the 2-4E6 coated beads was incubat d witii ^^^\L-A2 for 2 hrs at RT and IL-12R bound 
radioactivity was det rmined in th pr sence of 50 nM unlat>ened (L-12. The right hand panels show 
ajtalysis of the binding data accordir>g to the method of Scatchard as determined by Ligand with a single- 
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site model. 

For Figure 15, PHA-activated PBMC (1 x 10" cells/ml) were solubiltzed with 8 mM CHAPS extraction 
buffer and the cell extract (1 ml) was immunopredpitated as described in Figure 13. Following this 
lncub>ation, the beads were pelleted, washed and the bound proteins released by treatment with 0.1 M 
glycine pH 2.3. The released proteins were separated by norweducing SDS/PAGE on 8% gels transferred 
to nitrocellulose membrane and probed with *^l-2-4E6 as descrit>ed. The molecular sizes indicated in the 
margins were estimated from molecular weight starKlards (Amersham Prestained High Molecular Weight 
Startdards) run In parallel lanes. Exposure time was 7 days. 



70 



Table 2 



COMPARISON OF THE BINDING OF IL-12 AND 2-4C6 TO HUMAN CELLS EXPRESSING IL-12 




RECEPTOR 






CELL TYPE 


IL-12 BINDING' 


2-4E6 BINDING^ 


Human Cells 


KD(nM) 


Sites/cell 


Ko(nM) 


Sites/cell 


rK>n-activated human PBMC^ 


none 


detected 


none 


detected 


PHA-PBMC (5-7days)<3 sites) 


0.018 


312 


0.745 


1472-2246 




0.084 


501 








1.800 


1408 






KB cells (3 sites) 


0.016 


707 


0.489 


3116-5259 




0.057 


939 








2.400 


4038 






Kft-225 (3 sites) 


0.023 


100 


0.594 


1950 




0.210 


250 








2.360 


755 






YT cells (2 sites) 


0.006 


24 


0.904 


4522 




0.109 


117 






RAJt ceUs 


none 


detectable 


0.450 


561 


MRC-5 


none 


detectable 


none 


detectable 


HL-60 


none 


detectable 


none 


detectable 



20 



25 



30 



35 



^ Steady state '^ML-12 birxiing assays. Apparent dissociation constant (Kd) and binding sites per 

cell have been calculated by transformation of the data by the method of Scatchard. 

^ Steady state ^^l-2-4E6 binding assays. Data transformed by the mettKxl of Scatchard. 

3 Human peripheral blood mononuclear cells (P6MC) were activated with PHA as described in the 

methods (PHA-PBMC). 
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Example 15 

mAb 2-4E6 Binding To Human Recombinant IL-1 2R Expressed in COS Cells 

The characteristics of the protein bound by mAb 2-4E6 fulfilled standard criterion tor an IL-12R and 
therefore 2-4E6 was used in an expression cloning strategy to isolate a cDNA coding for the human IL-12R. 
A cDNA coding for the human IL-12R was isolated by this method. The IL-12R cDNA was engineered in a 
mammalian cell expression vector* transfected into COS-7 (ATCC CRL 1651) cells and the specificity for 
binding of ^»HL-12 and ^^\-2'4Ee was determined. Steady state binding of ^^\'\L'^2 to the rlL-12R 
expressing COS cells identifies a single t>irKfing site with an apparent affinity of 2-6 nM and approxin^ately 
150.000 sites/ceil (Rgure 4A), This low affinity IL-12 binding site corresponds to the low affinity site seen in 
th binding assays with human c lis that naturally express IL-12R. The l)lndinQ of 125I-2-4E8 to rlL-12R 
expressed in the COS cells is saturable and specific and identifies approximately 500.000 sites/cell (Flgur 
4B). COS c lis transfected with an unrelated plasmid do not bind either ^^l-tL*12 or ^^l-2-4E6 (data not 
shown). These data demonstrated unequivocally that mAb 2-4E6 was specific for the low affinity compor^ent 
of the IL-12R. 
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For Rgure 4A, COS cells were transfected with a plasmid expressing human rlL-l2R as described. 
Three days later* transfected cells (1 x 10* cells) were incubated for 2 hrs at room temperature with 
increasing coricentration of *^I-IL-12 in the absence ( O ) or presence ( □ ) of 50 nM unlabelled IL-12. Total 
( O ) and non-specific ( a ) cell bound radioactivfty were determined as descnt>ed. Specific binding of ^^1- 
5 IL-12 ( A ) was calculated by subtractir>g non-specific binding from total binding. The right hand panel 
shows analysis of the binding data according to the method of Scatchard as determined by Ugand with a 
single-site model. 

For Prgure 4B» COS cells were transfected with a plasmid expressing human rlL-12R as descht>ed. 
Three days later, transfected cells (1 x 10* cells) were incubated for 2 hrs at room temperature with 
10 increasing concentrations of '2*l-2-4E6 in the absence ( O ) or presence ( □ ) of 50 nM unlabelled 2-4E6. 
Total ( O ) and non-specific ( □ ) cell t>ound radioactivity were determined as descrit)ed. Specific birKjing of 
I-2-4E6 ( A ) was calculated by subtracting non-specific binding from total binding. The right hand panel 
shows analysis of the binding data according to the method of Scatchard as detemnined by Ugand with a 
single-site model. 

IS 

Example 16 

Analysis of mAb 2-4E6 Binding to IL-12R Po^tive Human Cells by RuorescefKe Activated Cell Sorting 
(FACS) 

20 

The expression level of IL-12R on human cells could be regulated deperiding on the activation state of 
the cells, the cell cycle or the type of environment from which the cells are isolated. Previous data had 
demonstrated that PHA activation of PBMC leads to a gradual rise in iL-12R expression, reachtrtg a 
maximum at 3-4 days after activation and declining thereafter. Desai et al. (1^2) J. Immunol., 146 , 3125. 

25 To investigate the heterogeneity of IL-12R expression on PHA-activated PBMCs, Kil-225 and KB cells, 
FACS analysis of IL-12R on these' cells was determined with mAb 2-4E6 (Rgure 16). The fluorescence 
intensity of binding of 2-4E6 was specific and indicated ihat these three cell types expressed approximately 
equal numbers of IL-12R. Interestingly, the FACS analysis indicated that tfie cell population was fairly 
homogenous and did not have one population expressing no or low numt>er5 of IL-12R and a second 

30 population that expressed very high numt>ers of IL-12R. 

For Rgure 16, Day 4 PHA-activated lymphotHasts, Krt-225 and K6 cells were analyzed for IL-12R 
expressing cells by the indirect fluorescent antiK>ody-labelling technique described. The figure depicts 
specific staining for IL-12R obtained in the presence of mAb 2-4E6 (IL-12R) and nor>-specific staining 
obtained in the preser»ce of a control antibody specific for IL-1 receptor (anti-HulL-1 R), a control antibody 

35 specific for human IL-12 (4D6 * GART-PE CTRL) and the goat anti-mouse antitx>dy conjugated with PE 
(GART-PE CTRL). 

Example 17 

40 Cell Culture 

Peripheral t>k>od mononuclear celts (PBMC) were isolated from blood collected from healthy donors. 
The blood was collected into heparinized syringes, diluted with an equal volume of Hank's k>alanced salt 
solution (HBSS) and layered over Rcoll-Hypaque. The tut>es were spun at 2000 rpm for 20 minutes at room 

46 temperature. PBMC at the interface were collected and pelleted at 1500 rpm for 10 minutes through a 15 ml 
cushion of 20% sucrose in PBS. Pelleted PBMC were resuspended in tissue culture nvedium and washed 
twice in the same medium <RPMI 1640 plus 5 % serum). Rnally, the celts were cultured at 0.5 - 1 x 10^ 
cells/ml in tissue culture medium plus 1 ug/ml PHA-P (Difco) for 3 days at 37* C in a 5% CQz atmosphere. 
Cells were split 1:1 in culture medium plus 50 U/ml rhulL-2 (Roche) to yield >95% T-cetls. The next day, 

so these cells were used for assessing their responsiveness to IL-12, for radioligarKl (IL-12) binding assays and 
in flow cytometry assays for the detection of IL-12 receptors. 

Flow cytometric detection of IL-12 receptors on such 4 day activated PHA t>lasts was performed as 
follows: the celts were washed twice in PBS ar>d resuspended at 2 x 10^ cells/ml in PBS plus 2% fetal calf 
serum and 0.1% sodium azide. All the subsequent steps were carried out at4*C. 1 x 10^ cells wer 

65 incuk>ated in 1 nM human IL-12 for 40 minutes. The cells were washed in FACS buffer and incubated with 
about 1 ug of biotinylated rat anti human p40 IL-12 sutHjnit antibody 4D6 (Example 13) for 20 minutes. 
C lis were washed again and resuspended in 100 ul of a 5 ug/ml streptavidin-phycoerythritin conjugat 
(Rsher Biotech) for 15 minutes. The cells were then washed again before analysis on a FACSAN flow 
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cytometer (Becton Dickinson). 

Example 18 

5 Extraction and characterization of RNA 

PHA activated cells as described above were harvested at day 2-3 arui total RNA was extracted using 
Guanidlnlsothiocyanate/Phenol as described (P. Chomczynski and N. Sacchl (1987) Anal. Blochem., 162 , 
156). Poly A-*- RNA was isolated from the total RNA by one batch adsorption to oligo dT latex beads as 

10 described (K. Kuribayashi et al (1988) Nud, Adds Res. Symposium Series 19, 61). The mass yield of this 
purification was at>out 4%. 

RNA blots were performed as follows. RNA was fractk>nated in 1 .2 % agarose gels under denaturing 
conditbns in the presence of 2^M formaldehyde and subsequently transferred to nitrocellulose as 
described (Molecular Cloning, a Laboratory Manual, second edition, J. Sambrook, E.F. Frttsch, T. Maniatis, 

/5 Cold Spring Hartx>ur Laboratory Press 1989 (hereinafter "Molecular Cloning Manual)). The RNA bk)ts were 
hybridized (7 x 10^ cpm/mt, 30 ml) with labelled probe in 5 x SSC (IX SSC » 0.15 M NaCI-O.0l5 M 
NaCrtrate) - 50 % formamide - 5 x Denhardts solution (1 x Oenhardts = 0.02% polyvinylpynolidone. 0.02 % 
Rcoll 400, 0.02% bovine serum albumin fraction V ) - 0.3 % SOS - 250 ugAnI denatured salmon sperm 
carrier DNA at 37*C overnight The probe was generated by random-primer labelling geMsolated insert 

20 from IL-12 receptor cDNA ckme No. 5 as described in tfie atx>ve manual. The bk>ts were first quickly rinsed 
at room temperature in 2 x SSC , then washed in 0.1 x SSC at 50 ' C for 30 minutes, dried and exposed to 
Kodak XAR film at -70'C for 3 days. 

Example 19 

cPNA Library 

From the above polyA->- RNA, a cDNA library was established in the mammalian expression vector 
pEF-BOS as follows: 3 ug of polyA+ RNA were reverse transcribed into single stranded cDNA uslr>g 

30 RNeiseH minus reverse transcriptase (GIBCO BRL Ufe Technologies Ina. P.O.Box 9418, Gaitherstmrg, MD 
20898). The resulting mRNA-cDNA hybrids were converted into blunt ended double stranded cDNAs by 
established procedures (U.Gut>Ier and A.Chua, in: Essential Molecular Btok>gy Volume 11, TJV. Brown, editor, 
pp. 39-56. IRL Press 1991). BstXI linkers (A Aruffo arwl B. Seed. Proc. Natl. Acad. Sd. USA (1987) 84, 
8573) were ligated to the resulting cDNAs arxl cDNA molecules > BOO base pairs (bp) were selected over a 

35 Sephacryt SF500 column. A Sephacryl SF 500 column (0.8 x 29 cm) was packed by gravity In 10 mM Tris- 
HCI pH 7.8 - 1 mM EDTA - 100 mM NaAcetate. BstXl tinkered cDNA was applied to the column and 0.5 ml 
fractions were collected. A small aliquot of each fraction was run on a 1% agarose gel, tfie gel was dried 
dovm and the size distributk>n of the radioactive cDNA visualized by exposure of the gel to X-ray film. 
cDNA molecules larger than 800 bp were selected in this fashion, pooled, concerrtrated by ethanol 

40 precipitatton arKt subsequently ligated to the ck>ning vector. The ck>ning vector was the plasmid pEF BOS 
(see reference supra) that had been cut with BstXI arKi purified over two consecutive gels. 300 ng of 
plasmid DNA were ligated to 30 ng of size selected cONA from at>ove in 60 ul of Hgatkm buffer (50 mM 
Tris-Ha pH 7.8 - 10 mM MgCb - 10 mM DTT - 1 mM rATP - 25 ug/ml bovine serum albumin) at 15*G 
overnight The folk>wlng day, the ligation reaction was extracted with phenol, 6 ug of mussel glycogen were 

45 added, and the nucleic acids were precipitated by etfiand. The precipitate was dissoh^ed In water and the 
precipitation was repeated, followed by a wash with 80% ethanol. Rnally. the pellet was dissolved in 6 ul of 
water and 1 ul aliquots were subsequently electroporated into £1 cofi strain DH-10B (BRL). By elec- 
troporating 5 parallel aliquots in this fashion, a library of about 10 million recombinants was generated for 
future use. 

so 

Example 20 

Screening for lL-12 Receptor cDNAs by Panning 

66 The basic principle of the panning method has t>een described in A. Aruffo and B. Seed, Proc. Natl. 
Acad. Sd. USA (1987) 84, 8573 as discussed k>etow. Ten library aliquots each representing about 50.000 
clones were plat d on LB amp plates and were grown up overnight. The n xt day, the coloni s from each 
pool wer scraped off into a separat 50 ml aliquot of LB ^ amp and th cultures were grown for anoth r 
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two h urs before plasmtd DNA was extracted using QIAGEN plasmid kits. The ten separate DMA poo!s 
were then transfected into COS cells, using the DEAE dextran technique (2 million COS celte/9 cm diameter 
plate and 2.5 ug DNA) (Molecular Cloning Manual). 2 to 3 days later, the COS cells were detached from the 
plates using 0.5 mM EDTA/0.02% Na Azide in PBS and a single cell suspension was prepared for each 

5 pool. The monoclonal anti IL-12 receptor antit)ody 2-4E6 as discussed above was sut>sequerTtfy bound to 
the cells in suspension (10 ug/ml in PBS^.SmM EDTA-0.02% Na Azide-5% PCS, 1 hour, on Ice). The cell 
suspension was then spun through a layer of 2% RcoU in the atx>ve buffer (tabletop centrffuge. 1000 rpm. 4 
minutes) to eliminate the excess unt>ound antitxKfy and the ceils were gently resuspended In the same 
buffer. The celts from one pool were subsequently added to one t>acterial petri dish (9 cm diameter) that 

10 had been coated with polyclonal goat anti nr>ouse IgG (20 ug/mt in 50 mM Tris-HCI pH 9.5, RT/OVERNIGHT 
(ON)) and blocked with 1% BSA in PBS (37*C/1 hour). COS cells were panned in this way for 2 hours at 
RT. Nonadhering cells were then gently washed off virith PBS arKi the remaining adherent cells in the disties 
lysed by the addition of 0.8 ml of Hirt lysis solution (0.6% SDS-10 mM EDTA). After transferring to 
Eppendorf tut>es, the lysates were made 1 M NaCt, incut>ated ON at +4*C and then spun at 15.000 rpm 

75 for 10 mlmrtes in the cold. The supematants virere extracted with phenol once, 12 ug of mussel glycogen 
was added and the DNA precipitated twice by adding 0.5 volumes of 7.5 M NH«OAc and 2.5 volumes of 
ethanol. The resulting DNA pellet was washed once with 80% ethanol. dried and taken up in 1 ut of distilled 
H2O. The errtire prep was then etectroporated into E. coil strain DH-10B and tfte resulting colonies grown up 
ON. This represents one panning cycle. The ten library aTiquots were panned each one separately for a 

20 total of three cycles. 

From the last cyde of each p>ool, DNA was again extracted and this time trartsfected irrto COS cells 
plated on plastk: one-chamber mk^roscopic slides (2 sIkSes per pooO- 2-3 days after transfection, to one of 
the slides was bound labelled human IL-12 (10^ cpm/ml = 300 pM in RPMI 1840 plus 5% PCS for 2-3 
hours at 4*C) and to the other slide labelled monoclonal Ab 2-4E8 (2 x 10^ cpm/ml = 1 nM in RPMI 1840 

25 plus 5% PCS for 1 hour at RT). The slides were washed In PBS. fixed for 40 socotkIs In a cold mbcture of 
methar>ol:acetone (7:3) an6 air dried. The slides were sut>sequentiy dipped in Kodak photographic emulsion 
NTB2. air dried and exposed in a light-tight container for 2-4 days at 4 • C. They were developed in Kodak 
D1 0 developer according to the manufacturer's instructions and evaluated under a light microscope using a 
10 to 40 fold t)right field magnification. One of the ten pools, number 5, showed a large number of positive 

30 cells both for IL-12 and 2-4E6 binding. E. coll clones from tfris 3 x panned pool were subsequently picked 
into a microtiterplate (3 clones F>er well for a total of 288 ctones). Pools representing the 8 rows and 12 
columns from this plate were grown up and their plasmid DNA extracted. These 20 preps were transfected 
separately into COS cells on 12 well plates (10P cells weH, 4 wells per pool). 2-3 days after the transfection, 
lat>elled IL-12 was bound to tt>e cells in two wells (total fcHnding). whereas the other two wells per pool 

35 received lat>elled IL-12 and a 100 fold molar excess of coW IL-12 (= nonspecific tending). Wells were- 
washed and the bound radioactivity eluted with 0.5 ml of 1% SDS and counted in a gamnna counter. Two 
positive pools were klentified in this manner, one representing column 1 and the other one representing row 
P from the microtiterplate. E. coll clones from well PI must thus contain the IL-12 binding activity. Clones 
from that well were plated, and DNA from 10 single colonies was analyzed for plasmid Insert size. 3 out of 

4Q the 10 colonies showed an insert of about 2.1 kitobases in length, large enough to encode the IL-12 
receptor. One of these dories was picked for further analysis. 

Example 21 

45 Characterization of IL-12 Receptor cDNAs 

IL-12 receptor ctone No. 5 was picked as descrit>ed above and the plasmid DNA isolated. Gel isolated 
insert was sequenced on lx)th strands using the ABI automated DNA sequencer in conJur)ctk>n with a 
thermostable DNA polymerase and dye-labelled dideoxynucleotides as terminators. 

60 Sequence alignments were run using the ALIGN program (M. O. Dayhoff et al. (1983) Meth. Enzymol. 
91, 524) with the mutation data matrix, a t>reak penalty of 6 and 100 random ains. 

Ctoned IL-12 receptor cDNAs were expressed in COS cells using either the DEAE dextran transfection 
or electroporation techniques (Molecular Cloning Manual). Binding assays with labelled IL-12 or labelled 2- 
4E6 antibody w re run as described herein at)Ove under anti human IL-12 receptor antibody. The tending 

65 data w r analyzed arxJ Kd values w r caknjtated according to Scatchard, using the Ugand program 
discussed herein above under anti human IL-12 receptor antibody. In vivo labelling (8 hours) of COS cells 
(3 x 10^ c lis per 35 mm diameter tissue cultur dish) with Cystein was performed 3 days after 
transfection as described (Molecular Cloning Manual). Cells were washed in PBS and lysed in CHAPS lysis 
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buffer (10 mlWI CHAPS - 300 mM Had - 50 mf^ Tris-HQ pH 7.4 - 2 mg/ml lodoacetamide - 0^17 mg/ml 
PMSF), precleared by incubation with protein G Sepharose beads (50 ul packed t>eads per ml, Genex) an6 
normai mouse serum (25 % final concentration) at 4 * C overnight The beads were spun out and lat>el(ed IL- 
12 receptor was specrfically immunoprectpitated from the cleared lysates by adding 5 ug of 2-4E6 antibcxfy 
6 per mi of sample. The antik>ody was diluted in PBS containing 1% bovine serum albumin and had been 
loaded onto 50 ul of packed beads for 2 - 3 hours at 4*C. Immunoprecipitation took place overnight at 
4*C. The next day, the beads were washed 3-4 times in CHAPS lysis kxjffer before analysts on SOS- 
polyacrylamide gels as descn*t>ed (Molecular Cloning Manual). 

70 Example 22 

Lymphocyte Proliferation Assay 

Lymphocyte proliferation assays to assess the ability of rat antisera to block cytokine-induced prolifera- 
76 tkxi were performed as prevkiusly descnt>ed (M.K. Gately, et aL (1992) Currant Protocols in Immunology, 
vol. 1., J. E. CoHgan, et al., eds., John Wiley & Sons, New York. NY, p. 6.16.1) with the foHowing 
modfftcations. Allquots of human PHA-activated PBMC (2x10^ per well) and of diluted rat sera were mixed 
In ttw welts of a 96-well plate and incut>ated at 37* C for 30 mtrL The cytokines (IL-12. IL-2 or IL-7) were 
then added to the wells, and the cultures were incut>ated for 46 h at 37*C. Folkuwing this, ^H-TdR was 
20 added to each, well, arxl the cultures were harvested after an additional 7 h at 37* C. All values are the 
means of triplicates. 

Example 23 

25 Flow Cytometry 

The titers oi anti-COS ceil antibodies in the various rat arrtisera were assessed by ftow cytometry as 
follows. Untransfected COS cells (10^ cells/D.I ml of Dulbecco*s PBS containing 2% heat-inactivated PCS 
and 01 % sodium azkJe) were preincubated with 400 ug/ml rK>nmal rat IgQ (Sigma, St Louts, MO) for 15 
30 min. on ice, arid then with the indk:ated amount of rat serum for 30 min. on k:e. The cells were washed arKi 
further trK:ubated with 2 ug/iml FITC-conjugated F(ab')2 mouse anti-rat tgG (Jackson InunurtoResearch 
Lat)oratones, Inc.. West Grove, PA) for 30 min. on ice. The cells were again washed ar>d then analyzed by 
ftow cytometry using a FACScan (Becton-Dickinson. Mountain View, CA). 

35 Example 24 

Inhibition of IL-12-lnduced Lymphoblast Proliferation by Anti-IL*t2R Antiserum 

To determine wt)ett>er the ckxted tL-12R subunit plays an essential role in an IL-12-irKJuced bk>logic 

40 response, we examined whether antiserum to the cloned IL*12R subunit couki inhitNt IL-1 2-irujuced 
proliferation of PHA-activated PBMC. This antiserum was produced by immunizing rats with 2-4E6- 
transfected COS cells and thus contained anti-COS cell antibodies as well as ant'txKfies to the (putative) IL- 
12R subunit For use as a control, we screened several other available rat antisera whk:h had boon 
prepared previously by immunization of rats with COS cells expressing proteins unrelated to the IL-12R. 

45 One such antiserum had been raised against COS cells trarisfected with human type II IL-1R ar>d displayed 
a titer of anti-COS cell antibodies virtually identical to that of the anti-IL-12R antiserum (Figure ISA). We 
then compared the effects of the anti-IL-12R antiserum, the anti-IL-IR antiserum, and pretmmune semm 
(from the rat used to prepare the anti-lL-12R) on lymphoblast proliferation induced by IL-12, IL-2, or IL-7. 
The concentrations of IL-12, IL-2, and IL-7 were 0.25 ng/mi. 1.25 ng/ml, and 0.4 r>g/ml, respectively. These 

so concentrations were chosen t>ecau5e they resulted in similar levels of ^H-TdR Incorporation and were on the 
steep portion of the dose-response curves. In this experiment, the maximum levels of ^H-TdR irK:orporation 
in the presertce of saturating amounts of cytokine were 38,620, 111,303, and 69.541 cpm for IL-12, IL-2, and 
IL-7, respectively. The level of ^H-TdR incorporation in the absence of any added cytokine is indk:ated by 
the horizontal dotted line. Two experiments were performed with essentially klentical results, arul one of 

56 these is illustrated in Figures 18B-0. The anti-IL-12R antiserum caused dossKtependent inhibition of tL-12- 
induced lymphoblast proliferation but had no ffect on proliferation induced by IL-2 or tL-7. in contrast, 
neither the preimmune serum nor th anti-IL-IR antiserum inhibited lymphoblast pr liferation induced by 
any of the three cytokines tested. These results strongly suggest that the ctoned IL-12R sut>unit plays an 
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essential role in mediating lL-12-induced pr lif ration of PHA-activated PBMC. 
Example 25 

6 Sequence Analysis of IL-12 Receptor cDNA Clones 

The DNA sequerK:e for the IL-12 receptor cONA insert from clone No. 5 is shown in Figure 1. Th 
deduced amino add sequence for the encoded receptor protein is shown in Rgure 2. The IL*12 receptor 
protein is thus composed of 662 amino acids, and has the following features: N-terminal signal peptide. 
10 extracellular domain* transmembrane domain and cytoplasmic tail. Tne classical hydrophobic f^tenminal 
signal peptide is predicted to be 20-24 amino acids in length. Signal peptide cleavage has been shown to 
occur mostly after the amino acids Ala, Ser. Gly, Cys, Thr, Gin (G. von Heijne, Nud. Acids Res. (1986) 14» 
4683). For the IL-12 receptor, the cleavage could thus take place after Gtr)20, Ala23 or Cys24 in \ho 
sequence shown in Rgure 2, leaving a mature protein of 638 amino acids (calculated molecular weight » 
15 70.426) based as cleavage at Cys24. The extracellular domain of the receptor is predicted to encompass 
the region from the C-terminus of the signal peptide to amino add No. 540 in the sequerm shown in Figure 
2. Hydrophobicfty analysis shows the area from amino add No. 541 to 571 to be hydrophobic, as would be 
expected for a transmembrarte arK:hor region. Charged transfer stc^ residues can t>e found at tfie N- as well 
as the C-terminus of this predicted transmembrane area. The extracellular domain of the receptor is thus 

20 516 amino adds long and contains all the 6 predicted N-finked glycosylation sites. The cytoplasmic portion 
is 91 amino acids \ooq (amino acid residue nos. 572 to 662) arxl contains 3 potential phosphorylation sites 
(S/TXXD/E) for casein kir>ase IL 

The cDNA library was rescreened using the insert from ctone No. 5 as the prot>e. and a second 
independent cONA was isolated (clone No. 17). This cDNA contained an additiortal 202 bp of 3' 

25 untranslated region. The amino add sequence (SEQ ID NC>:3) deduced from this ck>ne for the IL-12 
receptor protein was almost completely identical to the sequence shown in Figure 2 (SEQ ID NO*.2); 
however, a 13 bp deletk>n in the cDNA right before the stop codon chartges the reading frame at the very 
C-terminus of tt)e receptor and also gives rise to a protein that is 2 amino adds shorter (SEQ ID NO:3). 
Cyde sampling PCR was perfomned on uncioned cDNA using a pair of primers spanning the region that is 

30 expected to differ between the mRNAs representing ckmes 5 and 17. This analysts demortstrated that both 
transcripts coding for these two membrane-bourKi variants of the receptor suk>unit are present in the mRNA 
population isolated from PHA-activated PBMC at at>out equal levels (data not shown). The two transcripts 
are likely to arise from an alternate spHdng event 

Further analysts of the amino acid sequence of the IL-12 receptor shows it to t>e a memk>er of the 

35 cytokine receptor superf amity, by virtue of the sequence motifs [Cys52 — Cys62SW] arKi [W222SKWS): 
Comparing the IL-12 receptor sequence to all the memt>ers of the superfamily by running the AUGN 
program shows that the IL-12 receptor has the highest homotogy to human gp130. 

Sequence analysis of the IL-12 receptor extracellular domain demonstrated the presence of the 
hemopoietin receptor hallmark features: two pairs of conserved cysteine-residues and ti)e WSXWS motif 

40 Further comparisons to the hemopoietin receptor superfamily showed the newly isolated IL-12 receptor 
compor>ent to be highly related to a sut^roup of family memk>ers composed of gp130» Q-CSF-receptor and 
UF-receptor (Figure 3); aTign scores were 12.37 (IL-12R/gp130). 7.35 (IL-12R/G-CSF-R) and 8.31 (IL- 
12R/LIF-Rbeta). Similarities between the IL-12 receptor component and these three proteins extend t>eyond 
the hemopoietin receptor domain and include the area from the WSXWS motif to the transmembrane region 

45 (Rgure 3). The exti^acellular portion of gp130 (M. Hibi et al. (1990) Cell, 1149) was shown I) to contain 
the hemopoietin receptor superfamily domain and ii) to t>e also composed of 6 type III fit>ror)ectin repeats 
atxxit 90 amino adds long (A.R. Komblihtt. et al. (1985) Ef^BO J.. 4. 1755; L. Patthy (1090) Cell 61. 13). 
Similarly, tite extracellular domain of the IL-12 receptor can t»e sut>divided into five such fibronectin type III 
repeals (residues 43-133. 143-236. 237-337. 338-444 and 445-540). The IL-12 receptor extracellular domain 

60 lacks tine N-terminal Ig domain found in gp130 and therefore only accommodates 5 fibronectin type III 
repeats. Further sequerK:e similarities between the IL-12 receptor. gp130, the G-CSF-receptor aiKJ the UF- 
receptor can be found in the cytoplasmic regions (Rgure 3). A PXXPXP motif wittiin a box of 8 amino adds 
conserved between a numt>er of different superfamily meml>ers and a second, 12 amir>o acid long 
conserved tx>x were found to t>e important for signal transduction mediated by gp130 (M. Murakami et al. 

66 (1991) Proc. Nati. Acad. Sd. (USA), 68, 11349). Both those motifs ar also found in cor>served areas of the 
cytoplasmic part of th tL-12 receptor sequence (amino add reskfues 577-584 and amino ^d r skfues 
618-629). 
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Example 26 

Analysis of IL-12 Receptor mRNA Expression 

5 RNA blots were performed using polyA+ RNA from cells knovm to respond to IL-12: PHA-stimulated 
PBMC and the CD4+ T-cell line Kit225. Two RNA transcripts about 3 Kb and 2.3 Kb in size are apparent 
when blots are probed with the fulMength cDNA (Figure 6. lanes 1-3). Both RNAs are induced from 
undetectable or very low levels when PBMC are activated by PHA for 3 days (compare lanes 1 and 2); 
Kit225 cells express tx>th transcripts constrtutively (lane 3). Analysis by phosphoimager shows the level of 

10 the larger RNA to be about 3 to 5 fold higher than the level of the smaller RNA. Surprisingly, the smaller 
RNA does not hybridize to a prot>e derived from the cytoplasmic domain (lanes 4-6). Tttis finding could 
indicate the presence of an RNA encoding i) a soluble IL-12 receptor protein* ii) a memt>rane k>ound IL-12 
receptor devoid of a cytoplasmic region altogether or iii) an IL-12 receptor with a cytoplasmic sequence that 
is completely different from the ones present In clones 5 and 17. Elucidation of this question will have to 

75 await the isolation of a cONA done derived from the smaller RNA transcript 

Example 27 

Characterization of Recomtainant IL-12 Receptor 

IL-12 receptor cDNA (clone number 5) (SEQ ID NChl) was electroporaled into COS cePs and 
equilibrium binding of lat>elled human and murine IL-12 to the cells was performed ar>d analyzed as 
described (R. Chlzzonite, et aL, 1992. J. Immunol., 146 , 3117). Results are shown in Figure 19. Human and 
murine IL-12 bind to recomt>inant IL-12 receptor (SEQ ID NO:2) with a single affinity (Ko) of 3.4 * 1.3 nM 

25 (n^T) and 2.1 ± 0.5 nM (n=4), respectively, which corresponds to the low affinity component of the 
functional IL-12 receptor on PHA-activated PBMC. After transformation by the method of Scatchard. the 
equilitHium bindir>g data was best described by a single receptor site nnodel as determined by the UQAND 
program. The site numbers indicated in Figure 19 are calculated assuming that an cens are expressing 
receptors. IL-12 receptor protein expressed by clone number 17 (SEQ ID NO:3) gave similar results in 

30 these binding assays. SEQ ID N0:3 v/ould also have the same regions as SEQ ID NO*.2. 

Metabolic lat>elling af>d immunopredpitation of the IL-12 receptor sukxinit expressed in COS cells 
indicated its size to t>e atKHit 100 KDa as determined by gel analysis under reducing conditions (Rgure 5). 
To ar^alyze the size of the receptor at the cell surface, affinity crosslintdng studies were performed. Unless 
othervrise stated, characterization of ttm IL-12 receptor protein was done on SEQ ID NO:2. Crosslinking of 

06 .0^ nM labelled IL-12 to ^ther transfected COS cells, PHA-activated PBMC or K6 cells gave rise to 
complexes that migrate at >200 KDa (Rgure 17, lanes 1.3 and 4; anrow indicates uncrosslinked IL-12). 
Crosslinking at 2 nM '^l-IL-12 (a concentration equivalent to the Kd) gave identical results (not shown). The 
size of a complex composed of one receptor subunit and one IL-12 ligand is expected to t>e atXH/t 175 KDa. 
However, Rgure 17 shows that the 175 KDa complex is present only at very low levels, if at all. Since the 

40 150 kDA Ig and the 200 KDa markers are r>ot separated on the gel system used, the 175 KDa IL-12/IL-12 
receptor complex is expected to comigrate with them. For comparison, lane 2 shows transfected COS cells 
crosslinked to lafc>elled 2-4E6 antibody (arrowhead = uncrosslinked 2-4Ee). Crosslinking lat>elled IL-12 to i) 
cells that do not bind IL-12 (e.g. Rajr cells), ii) mock-transfected COS ceRs or iii) transfected COS cells In 
tf»e presence of an excess of cokJ IL-12 did not yiekJ any products (not shown). For Rgure 17, lat>elled IL- 

46 12 (0-2 nM) was bound and crosslinked with BS3 (0.4 mM) to transfected COS cells Qane 1), PHA-activated 
PBMC (lane 3) or KB cells (lane 4). Labelled 2-4E6 antibody (0.5 nM) was bound and crosslinked with BS3 
(0.4 rnM) to transfected COS cells (lane 2). Anti-IL-12 receptor antibody 2-4E6 (lanes 5,7), anti-IL12 
antibody 4D6 (lanes 9.11) and control antibody (lanes 6,8,10,12.) were used. Antibody 2-4E6 Oanes 13,15) 
and control antitx>dy (lanes 14,16) were used. 

60 Since crosslinking of labelled IL-12 to IL-12 receptor gave rise to products that are larger than what is 
expected for a complex of one receptor and one IL-12 ligand but wfiose size is dlfTicult to estimate, cell, 
surface labelling and immunoprectpitation experiments of transfected COS cells were performed. Samples 
were analyzed under reducing and nonreducing corxfitions (Rgure 17, lanes 5-12). The results can t>e 
summarized as follows: i) transfected COS cells express the IL-12 receptor sut>unit both as monomers and 

56 as a secornJ, larg r product that could be dimers or oligomers. Both these products are present at atx>ut 
equal levels (lane 5); ii) the dimerization/oligomerizatkxi does not depend on IL-12 binding. If IL-12 is 
prebound to th c lis, the r suiting barxJing patt rn does not change (not shown); and iii) The 
dimers/olig m rs can be converted to the monomers by reduction arwl must ttierefore be disulfide-bonded 
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(lane 7). Jha data from the crossiinking and surface labelling xpertments thus sugg sted that only th 
dlmeric/oligomeric receptor subunit f rm binds IL-12 with th 3 nM affinity measured on transfected COS 
cells. This possibility was further investigated as follows. Complexes produced by binding unlabelled IL-12 
to ^^l-surface labelled COS cells and crossiinking with a deavable crosslinker were imrruinopreciphated by 

5 an anti-IL-12 antibody and analyzed under norn-educing and reducing conditions (Rgure 17, lanes 9-12). 
The antf-IL-12 antibody only precipitated a complex corresponding to IL-12 bound to the dinter/oligomer but 
not the monomer of the IL-12 receptor subunit (lane 9). Analysts of this complex under reducing corKlitions 
identified a lat)elled protein that co-migrated with the IL-12 receptor nrK>nomer (lane 11). Experiments with a 
murine CTLL cell transfectant stably expressing the IL-12 receptor sutxinit lend further support to our 

10 findlr^s. These cells express about 3000 to 5000 receptor subunits per celt, as measured by 2-4E6 
antitxKiy tMnding; however, the cells bind IL-12 very inefficientty. with an estimated Kd of 50 nM or greater 
(not shown). The results from surface labelltr>g and immurtoprecipttation experiments with tt)e CTLL 
transfectants cleariy indk:ate that they only express IL-12 receptor subunit mononrters (Figure 17, lanes 13- 
16). Taken together, the data support the hypotftesis tfiat only the receptor sutninit dimers/bltgomers bind 

75 IL-12 with ihe low affinity (3 nM) measured on transfected COS cells. 
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SEQUENCE LISTING 



10 



<1) GEHERAI* THFOmUJimz 

CD APPLICANT: 

<A) NAME: F. ROFFKANN-LA ROCHE AG 

(B) STREET: Grenzacherstraase 124 

(C) CITY: Basle 
(D> STATE: BS 
<E> COUNTRY: Switzerland 

(F) POSTAL CCX>B (ZIP) : CH-4002 

(G) TPLBPBWB: 061 - 688 51 08 
«H) TELEFAX: 061 - 6BB 13 95 
|Z> TELEX: 962292/965542 blr ch 

<ii) TITLE OF INVENTION: INTERLEUKIN-12 RECEPTOR 

IS 

<lli) NUMBER OF SEQUENCES: 3 

(Iv) COMPUTER READABLE FORM: 

|A) MEDIUM TYPE: FlOf^ disk 

(B) COMPUTER: Apple Macintosh 
20 (C) OPERATING SYSTEM: System 7.1 (Mac) 

(D> SOFTNARS: Miczosoft Word 5.0 



25 



30 



3S 



(2) INFORMATI<»l FOR SEQ ID NO:l£ 

(i) SEC2UENCE CHARACTERISTICS: 

<A) LENGTH: 2104 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNES3 : double 
<D) TOPOLOGY: linear 

Cii) MOLECULE TYPE: cIMOl to niRNA 

(iii) HYPOTHETICAL: NO 

<vi> ORIGINAL SOURCE: 

(A) ORGANISM: Homo sapiens 
<G> CELL TYPE: human T-cells 

(vii) UOiEDIATE SOURCE: 

CA) LIBRARY: library 3 day PHA/pEF-BOS 

(B) CLONE: human interleukin-I2 receptor clone #5 

(ix) FEATURE: 
40 * (A) NAME/KEY: CDS 

(B) LOCATim: 65.. 2050 

(Xi> SEQUENCE DESCRIPTION: SEQ ID N0:1: 

^ GGTGGCTGAA CCTCGCAGGT GGCAGAGAGG CTCCCCTGGG GCTGTGGGGC TCTACGTGGA 60 

TCCG ATO GAG CCG CTG GTG ACC TGG GTG GTC CCC CTC CTC TTC CTC TTC 109 
Met Glu Pro Leu Val Thr Trp Val Val Pro Leu Leu Phe Leu Phe 
^5 10 15 

CTG CTG TCC AGG CAG GGC GCT GCC TGC AGA ACC AGT GAG TGC TGT TTT 157 
^ Leu Leu Ser Arg Gin Gly Ala Ala Cys Arg Thr Ser Glu Cys Cys Phe 

20 25 30 
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CAG GAC CCG CCA TAT CCG GAT GCA GAC TCA GGC TCG GCC TCG GGC OCT 
Gin Asp Pro Pro Tyr Pro Asp Ala Aap Ser Gly Ser Ala Ser Gly Pro 
35 40 45 

AGG GAC CTG A6A TGC TAT CGG ATA TCC AGT GAT CGT TAC GAG TGC TCC 
Arg Aop Leu Arg Cys Tyr Arg 21e Ser Ser hsp Arg Tyr Glu Cys Ser 
50 55 60 

TGG CAG TAT GAG GGT CCC ACA GCT GGG GTC AGO CAC TTC CTG CGG TGT 
Trp Gin Tyr Glu Gly Pro Tbr Ala Gly Val Ser His Pbe Leu Arg Cys 
65 70 75 

TGC CTT AGC TCC GGG CGC TGC TGC TAC TTC GCC GCC GGC TCA GCC ACC 
Cys Leu Ser Ser Gly Arg Cys Cys Tyr Phe Ala Ala Gly Ser Ala Thr 
80 65 90 95 

AGG CTG CAG TTC TCC GAC CAG GCT GGG GTG TCT GTG CTG TAC ACT GTC 
Arg Leu Gin Phe Ser Asp Gin Ala Gly Val Ser Val Leu Tyr Thr Val 
100 105 110 

ACA CTC TGG GTG GAA TCC TGG GCC AGG AAC CAG ACA GAG AA6 TCT CCT 
Thr Leu tzp Val Glu Ser Trp Ala Arg Asn Gin Thr Glu Lys Ser Pro 
115 120 125 

GAG GTG ACC CTG CAG CTC TAC AAC TCA GTT AAA TAT GAG CCT CCT CTG 
Glu Val Thr Leu Gin Leu Tyr Asn Ser Val Lys Tyr Glu Pro Pro Leu 
130 135 140 

GGA GAC ATC AAG GTG TCC AAG TTG GCC GGG CAG CTG CGT ATG GAG TGG 
Gly Asp lie Lys Val Sex Lys Leu Ala Gly Gin Leu Arg Met Glu Trp 
145 ISO 155 

GAG ACC CCG GAT AAC CAG GTT GGT GCT GAG GTG CAG TTC CGG CAC CGG 
Glu Thr Pro Asp Asn Gin Val Gly Ala Glu Val Gin Phe Arg His Arg 
160 165 170 175 

ACA CCC AGC AGC CCA TGG AAG TTG GGC GAC TGC GGA CCT CAG GAT GAT 
Thr Pro Ser Ser Pro Trp Lys Leu Gly Asp Cys Gly Pro Gin Asp Asp 
160 185 190 

GAT ACT GAG TCC TGC CTC TGC CCC CTG GAG ATG AAT GTG GCC CAG GAA 
Asp Thr Glu Ser Cys Leu Cys Pro Leu Glu Met Asn Val Ala Gin Glu 
195 200 205 

TTC CAG CTC CGA CGA CGG CAG CTG GGG AGC CAA GGA AGT TCC TGG AGC 
Phe Gin Leu Arg Arg Arg Gin Leu Gly Ser Gin Gly Ser Ser Trp Ser 
210 215 220 

AAG TGG AGC AGC CCC GTG TGC GTT CCC CCT GAA AAC CCC CCA CAG CCT 
Lys Trp Ser Ser Pro Val Cys Val Pro Pro Glu Asn Pro Pro Gin Pro 
225 230 235 

CAG GTG AGA TTC TCG GTG GAG CAG CTG GGC CAG GAT GGG AGG AGG CGG 
Gin Val Arg Phe Ser Val Glu Gin Leu Gly Gin Asp Gly Arg Arg Arg 
240 245 250 ' ^ « 

CTG ACC CTG AAA GAG CAG CCA ACC CAG CTG GAG CTT CCA GAA GGC TGT 
Leu Thr Leu Lys Glu Gin Pro Tbr Gin Leu Glu Leu Pro Glu Gly Cys 
260 265 270 
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CAA GGG CTG GCG CCT GGC ACG GAG GTC ACT TAC CGA CTA CAG CTC CAC 
Gin Gly I*eu Ala Pro Gly Thr Glu Val Thr Tyr Arg Leu Gin Leu His 
275 280 285 

ATG CTG TCC TGC CC6 TGT AAG GCC AAG GCC ACC AGG ACC CTG CAC CTG 
Met Leu Ser Cya Pro Cys Lys Ala Lys Ala Thr Arg Thr Leu His Leu 
290 295 300 

GGG AAG ATG CCC TAT CTC TCG GGT GCT GCC TAC AAC GTG GCT GTC ATC 
Gly Lya Met Pro Tyr Leu Ser Gly Ala Ala Tyr Aan Val Ala Val lie 
305 310 315 

TCC TCG AAC CAA TTT GGT CCT GGC CTG AAC CAG ACG TGG CAC ATT CCT 
Sex Ser Aan Gin Phe Gly Pro Gly Leu Aan Gin Thr Trp ais lie Pro 
320 325 330 335 

GCC GAC ACC CAC ACA GAA OCA GTG GCT CTG AAT ATC AGC GTC GGA ACC 
Ala Aap Thr Hia Thr Glu Pro Val Ala Leu Aan lie Ser Val Gly Thr 
340 345 350 

AAC GGG ACC ACC ATG TAT TGG CCA GCC CGG GCT CAG AGC ATG ACG TAT 
Aan Gly Thr Thr Met Tyr Trp Pro Ala Arg Ala Gin Ser Hot Thr Tyr 
355 360 365 

TGC ATT GAA TGG CAG CCT GTG GGC CAG GAC GGG GGC CTT GCC ACC TGC 
Cya He Glu Trp Gin Pro Val Gly Gin Asp Gly Gly Leu Ala Thr Cys 
370 375 380 

AGC CTG ACT GCG CCG CAA GAC CCG GAT CCG GCT GGA ATG GCA ACC TAC 
Ser Leu Thr Ala Pro Gin Asp Pro Asp Pro Ala Gly Met Ala Thr Tyr 
385 390 395 

AGC TGG AGT CGA GAG TCT GGG GCA ATG GGG CAG GAA AAG TGT TAC TAC 
Ser Trp Ser Arg Glu Ser Gly Ala Het Gly Gin Glu Lys Cys Tyr Tyr 
400 405 410 415 

ATT ACC ATC TTT GCC TCT GCG CAC CCC GAG AAG CTC ACC TTG TGG TCT 
Zle Thr He Phe Ala Ser Ala Hla Pro Glu Lya Leu Thr Leu Trp Ser 
420 425 430 

ACG GTC CTG TCC ACC TAC CAC TTT GGG GGC AAT GCC TCA GCA GCT GGG 
Thr Val Leu Ser Thr Tyr His Phe Gly Gly Asn Ala Ser Ala Ala Gly 
435 440 445 

ACA CCG CAC CAC GTC TCG GTG AAG AAT CAT AGC TTG GAC TCT GTG TCT 
Thr Pro His His Val Ser val Lya Asn His Ser Leu Asp Ser Val Ser 
450 455 460 

GTG GAC TGG GCA CCA TCC CTG CTG AGC ACC TGT CCC GGC GTC CTA AAG 
Val Asp Trp Ala Pro Ser Leu Leu Ser Thr Cys Pro Gly Val Leu Lys 
465 470 475 

GAG TAT GTT GTC CGC TGC CGA GAT GAA GAC AGC AAA CAG GTG TCA GAG 
Glu Tyr Val Val Arg Cys Arg Asp Glu Asp Ser Lys Gin Val Ser Glu 
480 485 490 495 

CAT CCC GTG CAG CCC ACA GAG ACC CAA GTT ACC CTC AGT GGC CTG CGG 
His Pro Val Gin Pro Thr Glu Thr Gin Val Thr Leu Ser Gly Leu Arg 
500 505 510 

GCT GGT GTA GCC TAC ACG GTG CAG GTG CGA GCA GAC ACA GCG TGG CTG 
Ala Gly Val Ala Tyr Thr Val Gin Val Axg Ala Asp Thr Ala Trp Leu 
515 520 525 
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AGG GGT GTC TGG AGC CAG CCC CAG CGC TTC AGC ATC GAA GTG CAG GTT 
Arg Gly VaX Trp Ser Gin Pro GXn Arg Phe Ser lie Glu Val Gin Val 
530 535 540 



1693 



TCT GAT TGG CTC ATC TTC TTC GCC TCC CTG GGG AGC TTC CTG AGC ATC 
Ser Adp Trp Leu lie Phe Phe Ala Ser Lo\x Gly Ser Phe Leu Ser lie 
545 550 555 



1741 



10 



CTT CTC GTG GGC GTC CTT GGC TAC CTT GGC CTG AAC AGG GCC GCA CGG 
Leu Leu Val Gly Val Leu Gly Tyr Leu Gly Leu Aan Arg Ala Ala Azrg 
560 565 570 575 



1789 



CAC CTG TGC CCG CCG CTG CCC ACA CCC TGT GCC AGC TCC GCC ATT GAG 
His Leu Cys Pro Pro Leu Pro Thr Pro Cys Ala Ser Ser Ala lie Glu 
SBO 585 590 



1837 



15 CCT GGA GGG AAG GAG ACT TGG CAG TGG ATC AAC CCA GTG GAC TTC 

Phe Pro Gly Gly Lys Glu Thr Trp Gin Trp lie Asn Pro Val Asp Phe 
595 600 605 



1885 



20 



CAG GAA GAG GCA TCC CTG CAG GAG GCC CTG GTG GTA GAG ATG TCC TOG 
Gin Glu Glu Ala Ser Leu Gin Glu Ala Leu Val Val Glu Het Ser Trp 
610 615 620 



1933 



GAC AAA GGC GAG AGG ACT GAG CCT CTC GAG AAG ACA GAG CTA CCT GAG 
Aap Lya Gly Glu Arg Thx Glu Pro Leu Glu Lys Thr Glu Leu Pro Glu 
625 630 635 



1981 



^ GGT GCC CCT GAG CTG GCC CTG GAT ACA GAG TTG TCC TTG GAG GAT GGA 

Gly Ala Pro Glu Leu Ala Leu Asp Thr Glu Leu Ser Leu Glu Asp Gly 
640 645 650 655 



2029 



30 



GAC AGG TGC AAG GCC AAG ATG TGATCGTTGA GGCTCAGAGA GGGTGAGTGA 
A3p Arg Cya Lya Ala Lys Met 
660 



20B0 



CTCGCCCGA6 GCTACGTAGC CTTT 



2104 



35 



40 



(2) XNFORHATI<»l FOR SEQ ID HO:2: 

(i) SEQOENCB CHARACTERISTICS: 

(A) LEHGTH: 662 amino acids 

(B) TYPE: amino acid 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



45 



(ix) FEATURE: 

<A> KAME/KEY: Region 
(B> LOCATION: 1..23 

(P) OTHER INFORMATION: /note* "N-terminal signal peptide 
(1..20 or 23 or 24)" 



50 



(ix) FEATURE: 

(A) NAHE/KEY: Region 

(B) LOCATION: 541.. 570 

(D) OTHER INFORMATION: /note- 



" transmembrane region** 



65 
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<ix) FEATURE: 

(A) NAME/KEY: Region 

(B) LOCATION: 571.. 662 

(D) OTHER INFORMATION: /note- "cytoplasmic tail region" 

(ix) FEATURE: 

(A) NAME/KEY: Region 

(B) LOCATION: 577. .584 

(D) OTHER INFORMATION: /note- "conserved area of cytoplasmic tail 
region" 

(ix) FEATURE: 

(A) NAME/KEY: Region 

(B) LOCATION: 618.. 629 

(D) OTHER INFORMATION: /note- "conserved area of cytoplasmic tail 
region" 

(ix) FEATURE: 

(A> NAME/KEY: Region 
<B) LOCATION: 52.. 64 

(D> OTHER INFORMATION: /note* "sequence motif of cytokine 
receptor superfamily Cy352 . .Cys62SW" 

(ix> FEATURE: 

(A> NAME/KEY: Region 
<B> LOCATION: 222.. 226 

(D> OTHER INFORMATION: /note- "cytokine receptor 
superfamily motif (H222SKHS)" 

(ix> FEATURE: 

(A) NAME/KEY: Region 
(B> LOCATION: 121.. 123 

(D) OTHER INFORMATION: /note^ "N-linJced glycosylation 
site" 

(ix) FEATURE: 

(A) HAMB/KEY: Region 

(B) LOCATION: 329.. 331 

(D> OTHER INFORMATION: /note- "N-linked glycosylation 
site- 

(ix) FEATURE: 

(A) NAME/KEY: Region 

(B) LOCATION: 346.-348 

(D) OTHER INFORMATION: /note- "N-linked glycosylation 
site" 

(ix) FEATURE: 

(A) NAME/KEY: Region 

(B) LOCATION: 352.. 354 

<D) OTHER INFORMATION: /note- "N-linked glycosylation 
site" 

(ix) FEATURE: 

(A) NAME/KEY: Region 

(B) LOCATION: 442.. 444 

(D) OTHER INFORMATION: /note- "N-linked glycosylation 
site" 
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15 



SO 



25 



30 



40 
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iix) FEATURE: 

I A) HAME/ICEY: Region 
<B) LOCATION: 456.* 458 

(D) OTHER INFORMATION: /note* "N- linked gXycodylation 
site" 

(ix) FEATURE: 

(A> NAME/KEY: Region 
<B) LOCATION: 24. .540 

(D) OTHER INFORMATION: /note- "Extracellular region* 
(xi> SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Met Glu Pro Leu Val Thr Trp Val VaX Pro Leu Leu Phe Leu Phe Leu 
1 5 10 15 

lieu Ser Arg Gin Gly Ala Ala Cya Arg Thr Ser Glu Cya Cya Phe Gin 
20 25 30 

Aap Pro Pro Tyr Pro Aap Ala Aap Ser Gly Ser Ala Ser Gly Pro Arg 
35 40 45 

Aap Leu Arg Cya Tyr Arg He Ser Ser Aap Arg Tyr Glu Cya Ser Trp 
50 55 60 

Gin Tyr Glu Gly Pro Thr Ala Gly Val Ser Hia Phe Leu Arg Cya Cya 
65 70 75 80 

Leu Ser Ser Gly Arg Cya Cya Tyr Phe Ala Ala Gly Ser Ala Thr Arg 
85 90 95 

Leu Gin Phe Ser Aap Gin Ala Gly Val Ser Val Leu Tyr Thr Val Thr 
100 105 110 

Leu Trp Val Glu Ser Trp Ala Arg Aan Gla Thr Glu Lys Ser Pro Glu 
115 120 125 

Val Thr Leu Gin Leu Tyr Aan Ser Val Lya Tyr Glu Pro Pro Leu Gly 
130 135 140 

Asp He Lya Val Ser Lya Leu Ala Gly Gin Leu Arg Met Glu Trp Glu 
1^5 150 155 160 

Thr Pro Aap Aan Gin Val Gly Ala Glu Val Gin Phe Arg Bia Arg Thr 
165 170 175 

Pro Ser Ser Pro Trp Lya Leu Gly Aap Cya Gly Pro Gin Aap Aap Aap 
180 185 190 

Thr Glu Ser Cya Leu Cya Pro Leu Glu Met Aan Val Ala Gin Glu Phe 
195 200 205 

Gin Leu Arg Arg Arg Gin Leu Gly Ser Gin Gly Ser Ser Trp Ser Lya 
210 215 220 

Trp Ser Ser Pro Val Cya Val Pro Pro Glu Aan Pro Pro Gin Pro Gin 
225 230 235 240 

Val Arg Phe Ser Val Glu Gin Leu Gly Gin Asp Gly Arg Arg Arg Leu 
245 250 255 



65 
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Thr Leu Lys Glu Gin Pro Thr Gin Leu Glu Leu Pro Glu Gly Cy» Gin 
260 26S 270 

Gly Leu Ala Pro Gly Thr Glu Val Thr Tyr Arg Leu Gin Leu His Met 
5 275 280 265 

Leu Ser Cys Pro Cya Lya Ala Lya Ala Thr Arg Thr Leu His Leu Gly 
290 295 300 

Lya Met Pro Tyr Leu Ser Gly Ala Ala Tyr Aan Val Ala Val He Ser 
to 305 310 315 320 

Ser Aan Gin Phe Gly Pro Gly Leu Aan Gin Thr Tcp His He Pro Ala 
325 330 335 

Asp Thr His Thr Glu Pro Val Ala Leu Asn He Ser Val Gly Thr Asn 
,5 340 345 350 

Gly Thr Thr Met Tyr Trp Pro Ala Arg Ala Gin Ser Met Thr Tyr Cys 
355 3fi0 365 



20 



25 



00 



36 



40 



45 
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He Glu Trp Gin Pro Val Gly Gin Asp Gly Gly Leu Ala Thr Cys Ser 
370 375 380 

Leu Thr Ala Pro Gin Asp Pro Asp Pro Ala Gly Met Ala Thr Tyr Ser 
385 390 , 395 400 

Trp Ser Arg Glu Ser Gly Ala Met Gly Gin Glu Lys Cys Tyr Tyr He 
405 410 415 

Thr He Phe Ala Ser Ala His Pro Glu Lys Leu Thr Leu Trp Ser Thr 
420 425 430 

Val Leu Ser Thr Tyr His Phe Gly Gly Asn Ala Ser Ala Ala Gly Thr 
435 440 445 

Pro His His Val Ser Val Lys Asn His Ser Leu Asp Ser Val Ser Val 
450 455 460 

Asp Trp Ala Pro Ser Leu Leu Ser Thr Cys Pro Gly Val Leu Lys Glu 
465 470 475 480 

Tyr Val Val Arg Cys Arg Asp Glu Asp Ser Lys Gin Val Ser Glu His 
485 490 495 

Pro Val Gin Pro Thr Glu Thr Gin Val Thr Leu Ser Gly Leu Arg Ala 
500 505 510 

Gly Val Ala Tyr Thr Val Gin Val Arg Ala Asp Thr Ala Trp Leu Arg 

515 520 525 

Gly Val Trp Ser Gin Pro Gin Arg Phe Ser He Glu Val Gin Val Ser 
530 535 540 

Asp Trp Leu He Phe Phe Ala Ser Leu Gly Ser Phe Leu Ser He Leu 
545 550 555 560 

Leu Val Gly Val Leu Gly Tyr Leu Gly Leu Asn Arg Ala Ala Arg His 
565 570 575 

Leu Cys Pro Pro Leu Pro Thr Pro Cys Ala Ser Ser Ala He Glu Phe 
580 585 590 
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Pro Gly Gly Lys Glu Thr Trp Gin Trp II© Aan Pro Val Asp Phe Gin 
595 600 605 

Glu Glu Ala Ser Leu Gin Glu Ala Leu Val VaX Glu Met Ser Trp A3p 
610 615 620 

Ly9 Gly Glu Arg Thr Glu Pro Leu Glu Lys Thr Glu Leu Pro Glu Gly 
625 630 635 640 



10 



Ala Pro Glu Leu Ala Leu Asp Thx Glu Leu Ser Leu Glu Asp Gly Asp 
645 650 655 

Ar9 Cys Lys Ala Lys Met 
660 



75 



(2) INFORHATIOH FOR SBQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LEHGTB: 660 amino acids 

(B) TYPE: axaino acid 
(D) TC^OLOGT: linear 



(ii) MOLECULE TYPE: protein 



(xi> SEQUENCE DESCRIPTION: SEQ ZD NO: 3: 

Met Glu Pro Leu Val Thr Trp Val Val Pro Leu Leu Plve Leu Phe Leu 
15 10 15 

Leu Ser Arg Gin Gly Ala Ala Cys Arg Thr Ser Glu Cys Cys Phe Gin 
20 25 30 

Asp Pro Pro Tyr Pro Asp Ala Asp Ser Gly Ser Ala Ser Gly Pro Arg 
35 40 45 



30 



Asp Leu Arg Cys Tyr Arg lie Ser Ser Asp Arg Tyr Glu Cys Ser Trp 
50 55 60 



Gin Tyr Glu Gly Pro Thr Ala Gly Val Ser His Phe Leu Arg Cys Cys 
65 70 75 80 



35 



Leu Ser Ser Gly Arg Cys Cys Tyr Phe Ala Ala Gly Ser Ala Thr Arg 
85 90 95 



Leu Gin Phe Ser Asp Gin Ala Gly Val Ser Val Leu Tyr Thr Val Thr 
100 105 110 



40 



Leu Trp Val Glu Ser Trp Ala Arg Asn Gin Thr Glu Lys Ser Pro Glu 
115 120 125 



val Thr Leu Gin Leu Tyr Asn Ser Val Lys Tyr Glu Pro Pro Leu Gly 
130 135 140 

Asp Zle Lys Val Ser Lys Leu Ala Gly Gin Leu Arg Met Glu Trp Glu 
145 150 155 160 

Thr Pro Asp Asn Gin Val Gly Ala Glu Val Gin Phe Arg His Arg Thr 
165 170 175 



50 



Pro Ser Ser Pro Trp Lys Leu Gly Asp Cys Gly Pro Gin Asp Asp Asp 
180 165 190 



55 
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Thr Glu Ser Cy3 Leu Cya Pro Leu Glu Met Aan Val Ala Gin Glu Ph© 
195 200 205 

Gin Leu Arg Arg Arg Gin Leu Gly Ser Gin Gly Ser Ser Trp Ser Lys 
6 210 215 220 

Trp Ser Ser Pro Val Cys Val Pro Pro Glu Asn Pro Pro Gin Pro Gin 
225 230 235 240 

Val Arg Phe Ser Val Glu Gin Leu Gly Gin Aap Gly Arg Arg Arg Leu 
10 245 250 255 

Thr Leu Lys Glu Gin Pro Thr Gin Leu Glu Leu Pro Glu Gly Cya Gin 
260 265 270 



15 
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Gly Leu Ala Pro Gly Thr Glu Val Thr Tyr Arg Leu Gin Leu His Met 
275 260 .285 

Leu Ser Cya Pro Cya Lya Ala Lys Ala Thr Arg Thr Leu His Leu Gly 
290 295 300 

Lys Met Pro Tyr Leu Ser Gly Ala Ala Tyr Asn Val Ala Val He Ser 
305 310 315 320 

Ser Asn Gin Phe Gly Pro Gly Leu Asn Gin Thr Trp His He Pro Ala 
325 330 335 

Asp Thr His Thr Glu Pro Val Ala Leu Asn He Ser Val Gly Thr Asn 
340 345 350 

Gly Thr Thr Met Tyr Trp Pro Ala Arg Ala Gin Ser Met Thr Tyr Cys 
355 360 365 

He Glu Trp Gin Pro Val Gly Gin Asp Gly Gly Leu Ala Thr Cys Ser 
370 375 380 

Leu Thr Ala Pro Gin Asp Pro Asp Pro Ala Gly Met Ala Thr Tyr Ser 
385 390 395 400 

Trp Ser Arg Glu Ser Gly Ala Met Gly Gin Glu Lys Cys Tyr Tyr He 
405 410 415 

Thr He Phe Ala Ser Ala His Pro Glu Lys Leu Thr I.eu Trp Ser Thr 
420 425 430 

Val Leu Ser Thr Tyr His Phe Gly Gly Asn Ala Ser Ala Ala Gly Tbr 
435 440 445 

Pro His His Val Ser Val Lys Asn His Ser Leu Asp Ser Val Ser Val 
450 455 460 

Asp Trp Ala Pro Ser Leu Leu Ser Thr Cys Pro Gly Val Leu Lys Glu 
465 470 475 480 

Tyr Val Val Arg Cys Arg Asp Glu Asp Ser Lys Gin Val Ser Glu His 
485 490 495 

Pro Val Gin Pro Thr Glu Thr Gin Val Thr Leu Ser Gly Leu Arg Ala 
500 505 510 

Gly Val Ala Tyr Thr Val Gin Val Arg Ala Asp Thr Ala Trp Leu Arg 
515 520 525 
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Gly Val Trp Ser Gin Pro Gin Arg Phe Ser lie Glu Val Gin Val Ser 
530 535 540 

Asp Trp Leu lie Phe Phe Ala Ser Leu Gly Ser Phe Leu Ser lie Leu 
545 550 555 560 

Leu Val Gly Val Leu Gly Tyr Ireu Gly Leu Asn Arg Ala Ala Arg His 
565 570 575 

10 Leu Cys Pro Pro Leu Pro Thr Pro Cys Ala Ser Ser Ala lie Glu Phe 

580 585 590 

Pro Gly Gly Lys Glu Thr Trp Gin Trp He Asn Pro Val Asp Phe Gin 
595 600 605 
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Glu Glu Ala Ser Leu Gin Glu Ala Leu Val Val Glu Het Ser Trp Asp 
610 615 620 

Lys Gly Glu Arg Thr Glu Pro Leu Glu Lys Thr Glu Leu Pro Glu Gly 
625 630 635 640 

Ala Pro Glu Leu Ala Leu Asp Thr Glu Leu Ser Leu Glu Asp Gly Asp 
645 650 655 

Arg Cys Asp Arg 
660 



Claims 

1. A DMA molecule coding for a low affinity lnterteulQn-12 receptor or a functional derrvative thereof which 
binds specifically to lnterleukin-12. 

2. A DNA molecule of claim 1 coding for a human low affinity Inter1eukin-12 receptor or a functional 
35 derivative thereof which binds specificaJly to lnterteuktn-12. 

3. A DNA molecule of claims 1-2 having the sequence SEQ ID NO:1 or a degenerate variant thereof. 

4. A DNA molecule of claims 1-3 which codes for the amino acid sequence SEQ ID NO:2 or SEQ ID NO:3 
40 or portions tttereof. 

6w A DNA molecule of claims 1-4 which codes for a soluble, truncated lnterleukin-12 receptor protein* 

6. A vector comprising a DNA molecule as claimed in any of claims 1-5. 

7. A host cell which has t>een transformed by a vector of claim 6. 

a A low affinity lnterleukln-12 receptor protein or a functional derivative thereof which binds specifically to 
lnterleukin-12. 

g. A low affinity lnterleukin-12 receptor protein encoded by a DNA molecule of claims 1-5. 

10. A tow affinity lnterleukir)-12 receptor protein of claims 8-9 wherein the Interleukin receptor has a Ko of 
about 2 to about 10 nM, preferably a Ko of atxnit 2 to about 5 nM. 

11. A low affinity Int rleukln-12 receptor protein of claims 8-10 having an apparent molecular weight of 
about 100 kDa determined by gel lectrophoresis und r reductrtg conditions. 
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12. A low affinity lnterleukin-1 2 receptor protein of claims 8-11 which is a dinrier or oligomer of the 100 kD 
receptor subunit 

I3w A low affinity lnterleukin-1 2 receptor protein of claims 8-12 which corresponds to the tow affinity 
component of the functional lnterteukin-12 receptor on PHA-activated PBMC. 

14. An immunoglobulin capable of binding selectively to an lnterleukin-1 2 receptor protein as defined in 
any one of clairris 8-13. 

15. An immunogtobulin as claimed in claim 14. which is in the form of an anti-sera composition or in the 
form of a monoclonal antibody. 

16. The immunoglobulin of daim 14-15 which is capable of inhibiting the binding of lnterleukin-1 2 to the 
Int6rleukin*12 receptor and is capat>le of neutralizing lt-12 bioactrvity by binding to the IL-12 receptor. 

17. The immunoglobulin of 14-15 which binds to the lnter1eukirHl2 receptor but which is not capable of 
inhibiting the binding of lnterteukin-12 to the lnterleukin-1 2 receptor and is not capable of neutralizing 
lnterleukin-1 2 btoactivity by binding to human lL-12 receptor. 

18. A protein as claimed in any one of claims 8-13 for the binding or scavenge of Inter1eukir>-12. 

19- An immunogtobulin as claimed in any one of claims 14-17 for neutralising and/or inhibiting Interleukln- 
1 2 bioacthnty. 

20. A pharmaceuticat composition comprising a low affinity lnterieukin-12 receptor protein as defined in any 
one of claims 8-13 and a suitable diluent or carrier. 

21. A pharmaceutical compositton comprising an lnterieukin-12 receptor protein as claimed in claim 20 
containing one or more other cytokine receptor antagonists. 

22. A pharmaceutical composition comprisirtg an immunogtotxjlin as claimed in claim 14-17 and a suitable 
diluent or carrier. 

23. A compositton comprising human cells activated to express imerleokin-12 receptor bound with an 
immunogtobulin as claimed in claim 14-17, which immurK>gtot>ulin is lat>elled with a detectabto lat>el. 

24. Use of an lnterteukir>- 12 receptor according to any or>e of claims 8-13 for the preparation of a 
pharmaceutical composition. 

25. Use of an lnterleukin-1 2 receptor accordir^g to claim 24 for the preparation of a pharmaceutical 
composition for treatment of diseases or conditions caused by an immune response to alloantigen and 
in the treatment of autoimmune dysfunction. 

26. Use of an tnterieukin-12 receptor protein as claimed in any one of claims 8-13 to bind or scavenge 
lnterieukin-12. 

27. Use of an immunoglotnilin as claimed in claim 14-17 for the preparation of a pharmaceutical 
composition. 

28b A process for the detectfon of an lnterteukin-12 receptor which comprises isolating cells from a subject 
wich express the lnterieukin-12 receptor, contatcing a sample of said celts with a detectable im- 
munoglobulin capable of selectively binding to the lnterieukin-12 receptor . incubating said cells under 
conditions which alkm the detectable immunoglobulin to t>ind to the lnterleukir>-12 receptor, and 
detecting the binding of said ceils to said immunogtobulin. 

29. A process of claim 28 wherein the immunoglobulin is covalentiy bound to a solid r sin and/or said 
immunoglobulin is labelled with a detectable label. 
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30. A process for the detection of soluble lnterleukin-12 receptor which assay comprises capturing said 
receptor with an immunoglobulin capable of selectively binding to the IL-12 receptor and carrying out a 
binding assay with labelled lnterleukin-12. 

5 31. A method for determining an immune system abnormality in a subject which comprises determining the 
number of T celts. NK cells, or B celts in a sample from the subject, contacting the sample with an 
immunoglobulin capable of formirtg a complex with the human IL-12 receptor so as to form a cellular 
complex between the human IL-12 receptor and the immunoglobulin, determining the percentages of 
the T cells, NK cens, or B cells in the sample which have the human IL-12 receptor, comparing the 

10 percentages of said cells with the percentages of such cells from a normal subject who does not have 
the immune system at)normality, a difference in the percentages of the cells so determined being 
indicative of the immune system abnormality. 
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20 30 40 50 60 70 

CCTCCCTGAA CCTCGCACCT CGCXCACACG CTCCCCTCCC CCTCTCCCCC TCTACCTCCX TCCCATgGAC 

ao 90 100 110 120 130 140 

CCCCT C CT C A CCTCCCTGCT CCCCCTCCTC TrCCTCTTCC TGCTCTCCAC CCAGCCCCCT CCCTGCXCAA 

ISO 160 170 180 190 200 210 
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Fig: 6 
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Fig. 11 
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Fig. 13 
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Fig. 18 a 
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Fig. 18 b 
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Fig. 18 c 
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Fig. 18 d 
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Fig. 19 
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